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IN MEMORIAM 


Professor Ake Akerlund died on 16 March 1958 at the age of 71 and 
with his passing a life full of achievement in the field of roentgenology 
came to an end. 
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Ake Akerlund made his first impact on diagnostic roentgenology in the 
period 1914—1919 when he held the appointment of assistant to Professor 
Gésta Forssell and soon became a prominent figure within this sphere. In 
1920 he founded his school of roentgenology at the Maria Hospital in Stock- 
holm which attracted roentgenologists from all parts of the world and 
where the majority of Swedish roentgenologists received their training. 
In 1941 he suceeded Professor Gésta Forssell as Director of Diagnostic 
Roentgenology of Karolinska Sjukhuset in Stockholm and for ‘eleven 
years until his retirement was the beloved and inspiring teacher of both 
postgraduates and undergraduates alike. 

Ake Akerlund made many notable contributions to the development of 
roentgenology and his fundamental works deal with the roentgen diagnosis 
of duodenal ulceration, the roentgenologic aspects of cholelithiasis, and the 
classification of hiatus herniation of the stomach. During the period 1917- 
1919 he collected the case material which formed the basis for his thesis 

‘Réntgenologische Studien iiber den Bulbus duodeni’. At that time only 
poor technical facilities were available and the roentgenologic demonstra- 
tion of a duodenal ulcer was generally believed to be practically im- 
possible. Nevertheless, he succeeded in making a definite diagnosis in 60 
per cent and a presumptive diagnosis in 20 per cent of cases verified by 
operation. These, at that time, brilliant results soon made him inter- 
nationally known. 

Thanks to Ake Akerlund’s idea of obtaining films in the erect posture 
in cases of biliary disease the roentgenologic demonstration of gallstones 
was carried an important step further: it was the results of intensive stud- 
ies of the factors involved in the layer formation of the contrast medium 
in the gallbladder that prompted him to introduce this method of examina- 
tion. When he began his research on the causes and classification of hiatus 
hernia he crossed swords on several occasions with two distinguished 
scientists of his day; but the disputes were gradually calmed by the recogni- 
tion that he was a sound worker with a profound knowledge of the prob- 
lems under discussion. 

All those who had the privilege of meeting Ake Akerlund or of working 
with or under him recognized that his bantering and lightheartedness 

concealed deep wisdom ‘and scientific acumen. Roe ntger nologi sts of all 
countries will miss him as a prominent teacher and scholar and will ever 
remember him with affection and gratitude. 


K. Lindblom 
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SWEDEN 


THE HYSTEROGRAPHIC APPEARANCE OF CYSTIC 
GLANDULAR HYPERPLASIA 


by 


Per Bergman and Lennart Wehlin 


Metropathia haemorrhagica cystica is a common disease usually pre- 
senting a typical history of periods of amenorrhea of varying duration 
followed by protracted bleeding, although the menstrual time table is 
sometimes fairly normal. 

The diagnosis of the condition is based on the histologic examination 
of the endometrium, which shows evidence of cystic glandular hyper- 
plasia. The roentgen examination is consequently of less importance. It 
was, however, considered that it might be of interest to determine the 
characteristic hysterographic appearances of this condition and compare 
them with those associated with other intrauterine conditions. 

Descriptions of the hysterographic appearances of cystic glandular 
hyperplasia are on record (KJELLBERG 1942, MADSEN 1942, Datsace & 
GarcIA-CALDERON 1954) but are based on only a few cases. A fairly 
thorough search of the literature failed to reveal any systematic analysis 
of the range of variation in the roentgen signs in cystic glandular hyper- 
plasia, and in an attempt to form a clearer conception as to the degree 
of variation the present investigation was started jointly by our depart- 
ments. 


Submitted for publication 27 December 1957. 
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Material 


The material consisted of 35 histologically 
verified cases of cystic glandular hyperplasia 
referred to the roentgen department in the 
years 1944 to 1956. Curettage was regularly 
performed within 3 days of the roentgen 
examination. The endometrial specimens 
were examined by one and the same patho- 
logist, and in 26 cases the specimens showed 
characteristics of the condition. Nine cases 
were classified under the heading ‘tendency 
to cystic glandular hyperplasia’. In the latter 
group the endometrial proliferation was 
abnormally excessive, but the mucosa did 
not show dilatation of the glands or any 
density of the stroma typical of the condition. 
All of the hysterographic examinations were 
made with water-soluble contrast media. The 
Fig. 1. Moderately irregular inner surface of films were studied with due regard to the 

uterus (group I). appearance of the endometrial relief and the 
size of the uterine cavity. 

For comparison we used films from 158 hysterographic examinations performed in 
the years 1946 to 1956. In that series curettage had also been performed within 3 days 
of the roentgen examination. The histologic diagnoses made in this control series were: 
1) Endometrium of normal cyclic character in 148 cases, 84 of which were in the pro- 
liferative phase, 30 in the initial secretory phase, and 34 in the fully developed secretory 
phase, and 2) endometrium of abnormal appearance in 21 cases. 

In 6 of the last mentioned 21 cases the endometrium was inactive, in 2 the curettings 
contained placental rests, 10 showed non-tuberculous endometritis and 3 adenomyosis. 
The hysterographic appearances of the 35 histologically verified cases of cystic glandular 
hyperplasia were also compared with those present in 350 films of patients with uterine 
myoma. 


In order to elucidate any differences in the hysterographic appearances of cystic 
glandular hyperplasia, carcinoma of the body of the uterus, and endometrial tuberculosis, 
publications of a large cancer series (NORMAN 1950) and a tuberculosis series (EKENGREN 
1956) were examined. 


Results 


Two groups were distinguished in the classification of the hystero- 
graphic appearances of the endometrium. 


Group 1: Endometrial appearance falling within the normal range of 
cyclic variations, 7. e. films showing a smooth or moderately irregular 


inner surface of the uterine cavity (Fig. 1). 

Group IT: Endometrial relief of hyperplastic appearance characterized 
mainly by a markedly ragged outline of the lumen of the uterus (Fig. 2 a) 
or an obviously polypoid condition of its walls (Fig. 2 b). 
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a b 


Fig. 2. a) Ragged outline of uterus. b) Polypoid inner surface of uterus (group II). 


The hysterographic appearances of the condition vary widely. More 
than half of the cases with manifest cystic glandular hyperplasia had a 
smooth or moderately irregular endometrial outline, 7. e. an appearance 
falling within the normal range of cyclic variations. An endometrial 
relief of hyperplastic appearance was seen in almost half of the positive 
cases and in roughly one out of four with a tendency to the condition. 
Our control series with histologically normal cyclic phases consisted of 
148 cases; only 4 showed hysterographic features of a hyperplastic endo- 
metrial relief, in all of the polypoid type. Histologic examination showed 
polyps in all 4 as well as cyclic changes of the secretory phase in 3, and 
of the proliferative phase in 1. The mucosa thus showed the normal cyclic 
character and evidence of polyps as well. In this material then, the normal 
cyclic endometrial changes did not produce a hysterographic appearance 
suggestive of hyperplasia. 

Enlargement of the uterus has been stressed as common in cystic 
glandular hyperplasia (RUNGE 1923, SCHRODER 1928, WAHLEN 1950). Of 
our 35 cases, hysterography showed a definitely enlarged uterine cavity 
in 19. In 12 of these, however, a myoma could have explained the en- 
largement. Uterine enlargement may be caused by a wide variety of 
factors and is therefore hardly of any differential diagnostic value. 

The question that now remains is whether the hyperplastic appear- 
ances in cystic glandular hyperplasia are characteristic enough to permit 
their distinction from those seen in such conditions as endometrial tuber- 
culosis, adenomyosis, carcinoma of the body of the uterus or multiple 
submucous myoma. 
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Fig. 3. Polypous mucosa simulating that 
seen in cancer. 


Fig. 4. Top view: Uterus with a ragged 
outline. Lower view: Normal outline after 
chorion gonadotropin therapy and restora- 
tion of ovarian and endometrial function. 


The hysterographic appearances are often normal in endometrial 
tuberculosis but the endometrial outline is sometimes irregular and eroded 
as in cystic glandular hyperplasia; polypoid endometrial changes may also 
be seen. The appearances of the tubes, if filled, may be of help in the dif- 
ferential diagnosis. As is generally recognized roentgenologically, normal 
tubes constitute evidence against the presence of genital tuberculosis. 
In adenomyosis the typical glandular ducts are usually readily identified, 
though they may sometimes be short and/or incompletely filled and there- 
by give the uterine outline an irregular appearance. The roentgen findings 
in carcinoma of the body of the uterus has been described in detail by 
NORMAN (1950), who stressed how difficult it may sometimes be to dif- 
ferentiate this condition from advanced endometrial hyperplasia. This 
difficulty is exemplified by the films in one of our cases in which a polypous 
mucosa produced a shaggy endometrial outline simulating that seen in 
carcinoma of the uterine body (Fig. 3). 

In a few cases of our uterine myoma series the roentgenographic 
changes sometimes resembled those of hyperplasia, though they were 
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not so advanced. Unfortunately curettage had been performed in only 
one of these cases; in this the biopsy specimen showed the characteristics 
of the secretory phase, possibly of spontaneously healed cystic glandular 
hyperplasia. A number of other conditions including non-tuberculous 
endometritis were also represented in the control material, but in none 
did the hysterography suggest endometrial hyperplasia. 

To sum up, the hysterographic appearances in the condition vary wide- 
ly. In the majority of the present cases the findings were normal and 
only 14 of our 35 cases had hysterographic features suggestive of endo- 
metrial hyperplasia (group Il). Similar changes are sometimes seen in 
other intrauterine disorders and there are therefore in our experience no 
pathognomonic features in the roentgenologic appearances of cystic gland- 
ular hyperplasia. 

The variety of roentgen findings in metropathia haemorrhagica 
cystica may be explained by the nature of the disease. Even in one and 
the same patient the hysterographic appearances may vary from one 
occasion to another (Fig. 4), periods of amenorrhoea with successive 
formation of a hyperplastic endometrium alternating with periods of 
irregular bleeding with partial or total destruction of the endometrium. 


SUMMARY 


An analysis of hysterographies in cases of histologically verified cystic glandular 
hyperplasia revealed no characteristics definitely permitting distinction between their 
appearances and those of other intrauterine conditions. 


ZUSAMMENFASSUNG 


Kine Analyse der Hysterographien von Patienten mit histologisch verifizierter glandu- 
lirzystischer Hyperplasie zeigte keine charakteristische Veriinderungen, welche die defi- 
nitive Unterscheidung ihres Réntgenbildes von dem anderer intrauteriner Erkrankungen 
gestattet. 


RESUME 


L’étude analytique d’hystérographies de malades atteintes d’hyperplasie glandu- 
laire kystique vérifiée histologiquement n’a pas révélé de signe caractéristique permettant 
de distinguer nettement son aspect radiographique de celui d’autres affections intra- 
utérines, 
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INTRAVENOUS ANGIOCARDIOGRAPHIES 
An analysis of 660 cases 
by 


A. Castellanos, O. Garcia and E. Gonzalez 


Angiocardiography was first performed in Havana by CASTELLANOS 
in collaboration with PERErRAS and Lopez (1937). These workers utilized 
a superficial vein of the upper or lower extremity and at first used the 
method exclusively in children. About a year later Ross and STEINBERG 
(1939) applied the procedure to adults and demonstrated the possibility 
of outlining the left cardiac chambers. 

Several modifications have since been made to the original technique, 
the most important of these being the injection of the contrast medium 
through a catheter introduced into the cardiac chambers via a peripheral 
vein. The intravenous method nevertheless continues to be a satisfactory 
procedure especially in children who usually have small veins. The great 
progress of cardiovascular surgery in the last few years and the possibilities 
of intervention in infants, even in the newborn, have rendered cardiac 
exploratory methods relatively common in such subjects. This explains 
the large percentage of children under one year of age in our statistical 
material. 


Submitted for publication 25 October 1957. 
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Number 
of cases 


190 
180 


1 
40 


12345 67.8 910 112 13 1617 1819 20-25 2530-3035 35-40 years 


Diagram 1. Ages of the patients examined (in a total of 660 cases). 


We employed the Fairchild camera with a field of 9.5 x 9.5 inches 
and a speed of 2 films/sec in our investigation. The roe a n apparatus 
consisted of a 500 mA electronic generator feeding a Super-Dynamax 
tube. The injection was performed manually. 


Age distribution. Diagram 1 shows the ages of the patients examined. 
The proportion of children under one year of age is noteworthy and the 
number in the | to 2 year age group is also high; between 11 and 12 years 
of age the percentage falls sharply and only 30 patients of ages between 
20 and 30 years were examined. 

An analysis of the cases under one year of age is given in Diagram 2. 
Cardiac catheterization is relatively easy to perform i in children over 18 
months of age but in younger subjects, especially those who are cyanosed, 
the method carries greater risks, brought about by the need for sedatives 
and hypnotics during the procuring of blood samples and the determina- 
tion of intracavitary blood pressures. For these reasons and particularly 
in very young children, the diagnosis should be attempted by means of 
angiocardiography and only if the results are inconclusive from the 
surgical standpoint should cardiac catheterization be attempted. Many of 
the cases had angiocardiography performed following cardiac catheteriza- 
tion, but only for purposes of comparison or because of the failure of 
catheterization to supply accurate data. 


Volume of contrast medium injected. It is usually said that the optimal 
dosage of contrast medium injected should be 1.5 ml/kg bodyweight. 
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This volume is an approximate Number 
of cases 
one only, as other factors arise 


and definition. 
rhe volume injected must 
be directly proportional to the 
size of the heart. 56789 10 
The greater the concentra- 
Diagram 2. Angiocardiographies performed in a 
tion of the contrast medium the total of 187 infants under 1 year of age. 
smaller the volume required. 

We found that the volume which we most frequently injected varied 
between 1.1 and 1.5 ml/kg bodyweight. Notwithstanding this, it must 
be pointed out that 100 cases received 1.3 ml/kg and 83 cases 1.5 ml/kg 
bodyweight. The factors given above account for the differences in the 
volumes employed. 

hose who perform angiocardiography must recognize the undesirable 
physiologic reactions, albeit benign, which follow the rapid injection of 
contrast media into the blood stream and keep the following dictum in 
mind: “inject the smallest volume capable of produc ing the best contrast’ ; 
This is the same as stating that if 1.1 ml/kg produces satisfactory results 

5 

1.5 ml/kg would be unnecessary. Any side reactions are directly pro- 
portional to the volume and concentration of the medium injected, 
regardless of the chemical nature of the contrast medium. Larger doses 
iave been administered in selected cases after due consideration of: the 
have | Iministered lected fter due consideration of: tl 
topography of the vessel through which the injection was to be made, 
the concentration of the contrast medium, the size of the heart, and the 
clinical state of the patient. 

Diagram 3 shows the number of cases and the various doses injected 

per kg bodyweight and Diagram 4 gives the most frequently used dosage 
in children under one year of age. 


in the performance of reliable i) 
angiocardiography. The most im- . 
portant of these are the follow- 4 
mg. 
1. The longer the distance 
from the site of injection to the 4 
heart, the greater the volume of ; 
contrast medium necessary for 4 
the production of good contrast Nt Int 


2 months 


Choice of cannulae. In the performance of intravenous angiocardiography, the largest 
trocar which the lumen of the vein will admit must always be used. This is the reason 
why it is important to consider carefully the diameters of the cannulae employed. Castel- 
lanos Nos. 10 and 12 trocars, which were employed in 42 and 200 cases, respectively, are 
specially manufactured for us by Becton & Dickinson of New Jersey. These are three- 
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Number 
of cases 


60705 on oe ' 2 te ? 22 735 ae 273ml 


Diagram 3. Number of cases and the most frequently used dosage in children under 
1 year of age. 


piece trocars, each furnished with a stylet, and were described in a previous publication. 
The Castellanos trocar has advantages over the Robb and Steinberg model, this latter, 
on account of its external stopcock, being difficult to handle when attached to an eccentric 
syringe. Becton & Dickinson have recently introduced a cannula similar to Robb and 
Steinberg’s model but in two pieces and fitted with a stylet; it appears to possess no 
particular advantages over our own. The Lindeman No. 14 trocar was used in 205 cases 
and Lindeman Nos. 16 and 18 in 162 and 47 cases, respectively. 

When we designed our No. 10 trocar we were told that it would be difficult to use in 
adults and almost impossible to employ in children; this is not in agreement with our 
experience in the examination of 42 patients aged between 6 and 38 years. We do not 
usually employ Robb and Steinberg’s syringe as the internal diameter of the tip (the 
lumen of the glass throat at the metal end of the syringe) is less than that of the Robb and 
Steinberg No. 10 or Castellanos No. 12 trocar; as the injection is performed manually, 
the introduction of 50 ml of contrast medium into a vein in less than two seconds then 
becomes quite difficult. For volumes greater than 25 ml the Steinberg syringe should not 
be used. We prefer a special syringe having a tip with a bore equal to that of a No. 8 
cannula; a special adaptor must be added when a Lindeman trocar is used. We reamer 
the bore of the metal piece of our syringes from a No. 12 to a No. 6 cannula size so that 
the injection of 50 ml of contrast medium in 1 to 1.5 seconds is performed without diffi- 
culty. When 20 ml or less of contrast medium are to be injected, we prefer the standard 
Becton & Dickinson syringe; but if the short Lindeman Nos. 14 or 12 cannulae are used, 
we always choose the syringe with the large-bore tip. 
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Veins employed. Diagram 5 shows that the vein most frequently used 
by us in the performance of angiocardiography was the left basilic. 
This is explained by the fact that cardiac catheterization preceded the 
angiocardiography. The cephalic veins at the elbow are not infrequently 
used for injection on account of their peculiar drainage into the corre- 
sponding sube lavian vein. The cephalic veins were employed in 90 of the 
660 injections, mostly in very young infants. The two jugular veins were 
used in 180 cases; the jugular vein is the vessel of choice in children under 
one year of age because of the short distance between the site of injection 
and the right cardiac chambers. The saphenous veins were less frequently 
employed ‘because of their situation in relation to the heart. The contrast 
medium undergoes considerable dilution with blood as it traverses the 
inferior vena cava; for this reason the volume injected must be greater 
in proportion to the bodyweight of the patient, with a consequent increase 
in the injection risk. 


ml/kg 

body weight 
1.9 | @/\ee @lele 
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[2345 67 8 910 12 MONTHS 


e=5 CASES * =! CASE 


Diagram 4. Most frequently used dosages per kg body weight in children 
under one year of age. 


Duration of injection. The speed of the injection varies with the size of 
the cannula. The injection time was taken in 538 of the 660 cases (Dia- 
gram 6). In 7 cases the injection was performed in 0.1 sec, the subjects 
being young infants in which short Nos. 14 or 12 trocars were introduced 
into the external jugular veins. In 3 cases the injection took more than 3 
sec because of technical difficulties; the films obtained were consequently 
of little diagnostic value. In 111 cases (20 %) the injection was performed 
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Number 
of cases 
240 


4 


70 


180 


Right Cephalico 


Right Basilica 
left Basilica 
Saphena 

left Cephalica 


Right External Jugularis 
left External Jugularis 


Diagram 5. Veins chosen for angiocardiographies. 


in 0.50 sec and in 68 cases (12.6 %) the time of injection was 0.40 see. 
In 463 out of 660 cases the injection was made in one second or less 
within the time generally considered best for obtaining the most satis- 
factory results. 


Side-reactions and fatal accidents. The type and frequency of undesirable 
reactions encountered during the performance of 660 angiocardiographies 
are given in Table 1. Almost without exception, the majority of these 
effects was the result of toxicity and idiosyncracies to the chemicals 
employed as contrast media. There were 44 slight, medium, and serious 
reactions, and in addition 4 allergic effects characterized by coryza and 
urticarial rashes: the fatal accidents i in our series amounted to 6, which 
corresponds to a mortality of less than 1 %. Of the 6 patients who died 


as a result of the examination, 3 had an extreme degree of tetralogy of 


Fallot (pse sudo-trunk), 1 a cor triloc ‘ulare, and 1 fibro elastosis. A 17-year- 


old patient had total transposition of the great vessels with auricular 


fibrillation. 
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Table 1 
Reactions in 660 injections 


Feeling of excessive warmth 


Apnea with increase of transient cyanosis ..............0eeeeeeeeeeees 8 » 
Transient cardio-respiratory syncope 1 » 


We do not select our cases, and angiography is performed whenever 
there is a chance of a diagnosis being made. The surgical treatment of 
heart disease is undertaken in Cuba at any age, even during the first 
weeks of life, regardless of the seriousness of the condition of the patient. 
If there is the slightest chance of saving life, any necessary operation is 
performed, no matter how grave the prognosis. In our opinion a high 
operative mortality rate is no reason for denying to these desperate 
cases the only chance of survival. The performance ‘of angiocardiography 
is therefore a matter of routine in the very young who may yet exhibit 
alarming clinical signs such as extreme cyanosis, ‘marked dyspnoea, and 
congestive heart failure. 


Table 2 
Case ml/kg Contrast medium Age Diagnosis Cause of death 
1 1.2 Diodrast 70 % 16 months Pseudo-trunk Cardio-respiratory 
with C. I. A. syncope 

2 1.1 Urokon 70 % 4 » Pseudo-trunk Shock and enterorrhagia 
t 24 hrs 

3 1.2 Urokon 70 % 4 » Pseudo-trunk Injected while in shock. 
Death within 4 hrs 

} 0.9 Diodrast 70 % 17 years Total transposition Auricular fibrillation. 
Death within 2 hrs 

5 2.5 Urokon 70 % 8 months Cor triloculare Collapse within 15 min 


6 1.2 Diodrast 70 %% 10.» Fibroelastosis Collapse within 10 min 
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Number 


of cases 


110, 


1" 1213 14 15 LO 1718 222 13425 26 118193 sec. 


Diagram 6. Duration of the injection. 


The causes of death are shown in Table 2. 

Of the,6 cases of fatal accidents, 5 were under 16 months of age. 
One},was a 17-year-old subject, with marked auricular fibrillation. 
The injection was well tolerated but death occurred two hours later. 
Another case suffered from moderate shock immediately after the in- 
jection but recovered; death occurred 24 hours Jater from massive in- 
testinal hemorrhage. Autopsy revealed thrombosis of the mesenteric veins. 
{very one of the infants who died was cyanotic; 1 had fibroelastosis 
with moderate anoxia and severe congestive heart failure. 

We would point out that the elimination of the 5 serious cases from 
the series would reduce the mortality to 1 death in 660 injections — this 
being the case of the 17-year-old subject mentioned previously. 


Discussion 


Angiocardiography by the intravenous injection of a contrast medium 
into a peripheral vessel still has its indications and uses. Its simplicity 
and the possibility of performing it even in modest institutions makes it 
a useful method. Selective angiography was described by CHAvEz, CELIS 
and DoRBECKER in 1946 and has since been considerably improved. In 
some cases it is the only method capable of providing correct and com- 
plete diagnostic information. The cardiologist and radiologist must be 
familiar with the practice of both methods. 
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Diagram 7. Number of catheterizations as compared with angiocardio- 
graphies performed in children of different ages. (Cf. diagram 1.) 


Cardiac catheterization is possible at any age because the internal 
saphenous vein is accessible even in the newborn, in some cases with a 
No. 6, in others with a No. 5 catheter; moreover, short catheters for use 
in children under one year of age are also available. Catheterization of 
the heart at an early age is, however, difficult and risky. The examination 
is complicated, tedious, takes a relatively long time, and requires highly 
trained personnel for its performance and supervision. Diagram 7, which 
gives the ages of the subjects who underwent catheterization, shows that 
in children under one year of age the ratio of angiography to catheteriza- 
tion was 4 to I. 

Angiography, on the other hand, is easy to perform in children of any 
age although, in some cases, a vessel has to be dissected. Unfortunately, 
especially in the cyanotic, serial roentgenography at a speed of 2 films/sec 
will not suffice to provide the correct anatomic information and the 
special high-speed two-projection technique described by Linp and WEGE- 
LIUS appears to be valuable. In any case the performance of intravenous 
angiocardiography in the young or very young requires only a few minutes 
to complete. 

18-—583088. Acta Radiologica. Vol. 50. 
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Number 


of cases 


24 6 8 ( 22 24 % 2 30 35 40 45 50 55 60 Years 


Diagram 8. Ages and number of patients in which angiocardio- 
graphies were performed. It may be noted that the greater numbers 
were young children. 


We must reach the conclusion that in infants under one year the 
classical method of intravenous angiocardiography is the one of choice in 
pediatric cardiology. 

It has been stated that the optimal volume to be injected is 1.5 ml/kg 
bodyweight of a 70% contrast medium if reliable intravenous angio- 
cardiography is required. It may be seen from Diagram 3 that 1.3 ml kg 
was the dose most frequently employed although in many cases a volume 
of 1.1 ml/kg was used. Until a perfect contrast medium is evolved the 
less the volume injected the better. The vessel selected for the injection 
is very important in determining the amount of fluid to be introduced. 


A number of contrast media are available for the examination of the 
heart, aorta, and great vessels. We have used Sodium Urikon in 339 cases, 
in 319 in a concentration of 70 % and in 20 in concentrations varying 
from 25 to 55 %. Diodrast was employed in 312 examinations: in 302 in 
a concentration of 70 °%% and in 10 in concentrations varying between 
35 and 50 %. Urografin 70 °% was injected in 14 and Diodone 70 % in 
6 cases. Neo-lopax 70 °%% was used in 5 cases and in a 50 °% conce ntration 
in 1 case. Perabrodil 80 %% was used in 1 case and 70 % in another. The 
concentration of the contrast was not known in 7 of the examinations 
included in our material. 
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Conclusions 


Four rules must be followed in the performance of intravenous angio- 
cardiography: (1) inject into the veins nearest the heart, (2) use the highest 
possible concentration and smallest volume of contrast medium, (3) inject 
the contrast medium as rapidly as possible, and (4) employ the largest 
cannula consistent with the vein chosen for the injection. 

The analysis of 660 intravenous angiocardiographies has disclosed the 
following facts. The internal saphenous vein is the vessel the least often 
employed. The superficial external jugular veins were utilized in 180 out 
of the 660 cases (or in 27 °%). This is the highest percentage so far reported. 
A concentration of 70 °% contrast medium was used in 647 cases (or in 
98%). In 85 % of the cases, the injection was made in one second or 
under, well within the usually accepted time. Castellanos No. 10 cannula 
was used in 6.3 °% of cases and a Castellanos No. 12 in 33 %. 


SUMMARY 


A survey of 660 intravenous angiographies, performed mostly in young children, 
shows that the mortality rate was less than 1 °4. Emphasis is laid on the volume and con- 
centration of the contrast medium injected as the chief factors in the avoidance of sequelae. 
The choice of cannula, contrast medium, and site of the vein for the injection are considered 
in turn. The conclusion is reached that the method, as opposed to cardiac catheterization, 
remains the one of choice in pediatric cardiology. 


ZUSAMMENFASSUNG 


Eine Durchsicht von 660 hauptsichlich bei jungen Kindern durchgefiihrten intra- 
venésen Angiographien zeigt, dass die Mortalitiit weniger als 1°% ist. Es wird betont, 
dass die Menge und die Konzentration des injizierten Kontrastmittels die Hauptfaktoren 
sind, die zur Vermeidung von Schidigungen zu beachten sind. Die Wahl der Injektions- 
nadel, des Kontrastmittels und der Lage der Vene zur Injektion werden der Reihe nach 
besprochen. Es wird die Schlussfolgerung gezogen, dass die intravenése Methode, im 
Gegensatz zur Herzkatheterisierung, in der pidiatrischen Kardiologie die Methode der 


Wahl bleibt. 


RESUME 


L’étude de 660 angiographies intraveineuses, exécutées pour la plupart chez de 
jeunes enfants, montre que le taux de mortalité a été inférieur 4 1 °%. Les auteurs 
insistent sur importance du volume et de la concentration du moyen de contraste in- 
jecté qui sont les facteurs principaux de la prévention des accidents. Ils étudient 
successivement le choix de la canule, du produit de contraste et de la veine ot est faite l’in- 
jection. Ils arrivent 4 conclure que cette méthode, au contraire du cathéterisme cardia- 
que, reste la méthode de choix en cardiologie infantile. 
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FROM THE ROENTGEN DEPARTMENT (DIRECTOR: PROF, J. FRIMANN-DAHL), ULLEVAL 
HOSPITAL, OSLO, NORWAY 


VASOSEMINAL VESICULOGRAPHY IN HYPER- 
TROPHY AND CARCINOMA OF THE PROSTATE 


by 


Gunnar W. Vestby 


The present work has been undertaken to study the radiographic 
findings in the ejaculatory duct and the contiguous part of the spermatic 
tract in cases of hypertrophy and carcinoma of the prostate, and to ob- 
tain an idea of the diagnostic value of the roentgen examination known 
as vaso-seminal vesiculography. This is an old but comparatively rarely 
used method of examination. It was first described by BELFIELD in 1913, 
and subsequently recorded by several investigators (BELFIELD and RoL- 
NiIcK, YounG and Waters, Merricks, WILHELMS, BERTELSEN and 
WANDALL, PEREIRA, TUCKER et coll., and others). These authors espe- 
cially studied obstructive conditions and inflammatory changes in the 
spermatic tract. Only a few authors have investigated the conditions in 
hypertrophy and carcinoma (TAKAHASHI, BorEAU, and others), and dealt 
particularly with changes found in the seminal vesicle and the ampulla 
ductus deferentis. Up to the present time no systematic study of the 
contrast-filled ejaculatory duct has been carried out. 


Based on reports given at the Congress of the Northern Assoc. of Medical Radio- 
logy at Gothenburg in 1955, and at a meeting of the Norwegian Surgical Society in Oslo 
in 1954. 

Submitted for publication 11 December 1957. 
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Pathology 


Hypertrophy and carcinoma of the prostate are two distinct condi- 
tions which are not actually related. However, both are found in patients 
in the same age group, and to a certain extent they present the same 
symptoms. These conditions may occur together, and in the majority of 
cases of prostatic carcinoma, hypertrophy is also present (YOUNG, and 
others). 

Serial sections of operative and autopsy specimens and_ investiga- 
tions of the walls in the operative cavities have revealed that prostatic 
carcinoma practically always has its origin posteriorly or postero-laterally 
in the external layer of the prostate (the prostate proper). There is gradual 
upward growth along the ejaculatory duct towards the seminal vesicle, 
ampulla ductus deferentis, and the upper border of the prostate. It is 
exactly in the areas in which the ejaculatory duct penetrates the pro- 
state that the carcinoma has its origin and spread in the majority of 
cases. Provided that the process has sufficiently progressed, these cases 
may be diagnosed by vaso-seminal vesiculography. As the process in- 
vades the excretory duct, the seminal vesicle, and the ampulla, the ex- 
amination also gives adequate information of the local extent of the 
carcinoma, which is of great value as far as operability is concerned. 


Technique 


Vasectomy to prevent epididymitis is performed as a preliminary 
procedure in many clinics. At the surgical departments of Ulleval Hospital 
vasectomy is performed in most prostatics, and vaso-seminal vesiculo- 
graphy is carried out in connection with this intervention. 

A small skin incision, 1.5 to 2.0 em long, is made supero-laterally on 
both sides of the scrotum. The ductus deferens is exposed and divided. 
The proximal stump is ligated. A blunt cannula is inserted into the 
distal portion which is also ligated with silk, and the loose ends of these 
are tied over the head of the cannula. It is very important that the can- 
nulas are properly fixed, as they would otherwise easily slip out, thus 
rendering the examination unsuccessful. The skin incisions are sutured, 
leaving only the cannula head visible above the surface of the skin. The 
patient is then transferred to the roentgen department, where the roent- 
gen examination is performed. When this has been completed the cannula 
is pulled out with sterile forceps, the fixation threads are cut as close as 
possible to the ligature, and the distal stump is embedded in the wound. 
A sterile dressing is applied, and the patient is returned to his room. 

The same projections are used as those suggested by Ep.tnc in ure- 
throcystography. Various contrast media may be used. We employ 
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Fig. 1. a) Left oblique view. Right ejaculatory duct well demonstrated, roentgenogram exposed during 

injection of right ductus deferens. Left ejaculatory duct insufficiently filled, film exposed 30 sec after 

completion of injection of left ductus deferens. b) Right oblique view. Injection procedure reversed, 
left ejaculatory duct well demonstrated. 


Nycotrast 50°, which corresponds to Perabrodil (Bayer), Diodrast 
(Winthrop) and Umbradil (Astra). The contrast medium should not be 
too viscous, as in carcinoma the ejaculatory ducts may be very narrow. 
In order to ensure maximum contrast-filling of the ejaculatory duct the 
exposure must be made during the injection of the contrast medium. The 
success of the examination depends upon maximum contrast-filling of 
the duct. At each exposure about 2 ml of contrast medium are injected, 
a total of 10 to 12 ml being used’on each side. These injections are easily 
made and are painless; anesthesia is unnecessary. We have to date ob- 
served no grave complications with this examination. 

After the contrast medium has been injected it remains for a long 
period of time in the seminal vesicle and the ampulla, often in the former 
for several days. The ejaculatory duct on the other hand, evacuates its 
contents very rapidly. Fig. 1 shows vaso-seminal vesiculograms from a 
patient with hypertrophy “of the prostate, which demonstrates the rapid 
evacuation of the ejaculatory duct, and the significance of the exposure 
being carried out simultaneously with the injection of contrast medium. 
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Fig. 2. a) Normal findings. Ejaculatory ducts 


smoothly outlined, contraction rings. b) Prostatic 
hypertrophy. Dilated ejaculatory ducts with 
smooth contours and contraction rings. Seminal 
vesicles enlarged. c) Right side: Intraprostatic 
carcinoma. Tube-like, narrowed ejaculatory duct 
with irregular borders. Complete absence of 
contraction rings. Ampulla and seminal vesicle not 
involved. Left side: Prostatic carcinoma, localized 
spread to surrounding tissues. Involvement of 
contiguous part of ampulla and seminal vesicle. 
Lateral 2.3 of seminal vesicle not involved. 


In Fig. 2 schematic drawings of the normal vaso-seminal vesiculo- 
gram and the typical changes in benign hypertrophy and prostatic carci- 
noma observed during these examinations are shown. 


Material 


During the period October 1952 to July 1957 inclusive, vaso-seminal 
vesiculography has been carried out in a total of 166 consecutive cases 
of hypertrophy and carcinoma of the prostate. In four of these cases the 
examination was incomplete and in another four cases the diagnosis is 
still indefinite, necessitating further observation. Among the 158 verified 
cases were 126 cases of hypertrophy and 32 cases of prostatic carcinoma. 

In 94 of the 126 patients with hypertrophy, vaso-seminal vesiculo- 
graphy has been performed bilaterally, in 32 cases unilaterally. The 
youngest patient was 53 years, the oldest 80 years old, viz. an average 
age of 72.30 years. In 107 of the same 126 patients urography has been 
performed, in 105 urethrocystography. Prostatic calcifications have been 
demonstrated in 32 patients and changes of chronic prostatitis in 58 
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Fig. 3. a) Urethrocystography. b) Vesiculography. Prostatic hypertrophy of slight degree. Ejaculatory 
ducts slightly dilated, exhibiting smooth contours and contraction rings. 


patients. Surgery has been performed in 97 cases: in 74 cases suprapubic 
prostatectomy and in 23 cases transurethral resection. The diagnosis has 
been verified histologically in 101 cases, in 97 cases by the surgical spec- 
imen and in 4 cases by post-mortem examination. In the remaining cases 
the diagnosis of hypertrophy has been established clinically, radio- 
graphically, and by continued observation. 

In 26 of the 32 patients with carcinoma of the prostate bilateral 
vaso-seminal vesiculography has been performed; in six of the patients 
unilaterally. The youngest patient was 54 years, the oldest 91 years old, 
i. e. an average age of 71.47 years. Urography has been performed in 27 
patients and urethrecystography in 20 patients. Prostatic calcifications 
have been demonstrated in 3 cases, contrast-filling of prostatic ducts 
and cavities (chronic prostatitis) has been revealed in 7 cases. Surgery 
has been performed in 21 of these 32 cases: in 5 cases suprapubic prostat- 
ectomy, in 15 cases transurethral resection, and in one case cystotomy. 
The diagnosis has been verified histologically in 25 cases: in 21 by the 
operative specimen and in 4 cases by post-mortem examination. A histo- 
logic diagnosis is lacking in 7 cases, the diagnosis having been verified 
by rectal examination, skeletal metastases, and elevated serum-acid 
phosphatase. Skeletal metastases have been demonstrated radiographi- 
cally in 11 patients, possible changes in 1 patient; in 20 patients no skeletal 
metastases were found. 
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a b 


Fig. 4. a) Urethrocystography. b) Vesiculography. Prostatic hypertrophy of marked degree. Ejaculatory 
ducts greatly dilated with smooth contours. Contraction rings barely demonstrable. 


Results 


Normal findings (Fig. 2 a). The ejaculatory duct is the terminal 
portion of the vas deferens, penetrating the prostate supero-posteriorly, 
somewhat laterally, and ending on the seminal collicle (verumontanum) 
just laterally to the opening from the prostatic utricle (the Miillerian 
duct). Normally the ejaculatory duct has a length of 1.5 to 2 cm with 
a lumen of about 1.5 mm in diameter. The width, which is greatest 
laterally, gradually decreases as the duct passes downwards and medially. 
The outlines are smooth and regular, and normally - several. circular 
contraction rings are seen. 

The ampulla is about 3 to 4 cm long, and normally has multiple 
irregular bulges. The seminal vesicle is about 4.5 to 5.5 cm long of irreg- 
ular outline, rather variable in size and appearance, and frequently 
differing on the two sides, the right as a rule being larger than the left. 
The filling capacity varies greatly in different individuals. 


Hypertrophy of the prostate (Fig. 2 b). The ejaculatory duct in hyper- 


trophy is always more or less dilated, even up to several times larger 
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Fig. 5. a) Cranio-frontal view. b) Left oblique view. Prostatic carcinoma with pelvic osteoblastic metas- 

tases. Ejaculatory ducts narrowed und tube-like with irregular borders and complete absence of con- 

traction rings. Left ejaculatory duct best seen in cranio-frontal view. Righ ejaculatory duct best seen in 
left oblique view. 


than normally seen. In the majority of cases a diameter of 3 to 5 mm is 
seen, in some cases, however, up to 7 and 8 mm or more. The contours 
are smooth and regular. The normal contraction rings are frequently 
more or Jess well preserved. A certain correlation seems to exist between 
the degree of hypertrophy and the dilatation of the duct, namely the 
greater the extent of the hypertrophy the greater the dilatation. This 
seems to be the case especially when the hypertrophy is situated in the 
zone bounded by the bladder neck and the caudal extremity of the 
verumontanum, and toa smaller degree when the hypertrophy is localized 
to the periurethral subvesicular glands. The ejaculatory ducts on the two 
sides are generally symmetrical. The hypertrophy, however, may be 
different on the two sides, the ejaculatory duct being more dilated on 
the side on which the hypertrophy is most marked. Asymmetry, there- 
fore, does not exclude hypertrophy. 

In hypertrophy the seminal vesicle in the majority of cases is more 
or less enlarged and dilated (demonstrated previously by BorEAu 1954). 
Identical changes may also occur in the ampulla, though not so marked 
as in the seminal vesicle. 
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Fig. 6. Prostatic carcinoma associated with hypertrophy. 
Right displacement of the prostatic urethra. Arrows indicate 
tube-like ejaculatory ducts with irregular borders and complete 
absence of centraction rings, most conspicuous on left side. 
Osteoblastic metastases in left ischium. 


Figs. 1, 3 and 4 represent vesiculograms of three different patients 
with benign hypertrophy of the prostate: slight, moderate.and marked 
enlargement, respectively. 

In all cases the vaso-seminal vesiculography carried out in these 
126 patients revealed dilatation of the ejaculatory duct, in 31 cases in- 
significant or minor, in 85 cases moderate (about 3 to 5 mm) and in 10 
cases major (more than 5 mm). In 117 cases the outlines were smooth 
and regular, changes as in definite hypertrophy of the prostate. In 9 
cases the outlines were somewhat irregular, and the ejaculatory duct had 
a stretched appearance. In these cases definite hypertrophy was present. 
The simultaneous existence of carcinoma could not be definitely excluded, 
however, and the diagnosis was therefore somewhat dubious. 


Carcinoma of the prostate (Fig. 2 c). The radiographic findings in 
carcinoma are practically the opposite to those observed in hypertrophy. 
The ejaculatory duct is greatly narrowed unilaterally or bilaterally, 
frequently as thin as sewing cotton. The width decreases laterally, there- 
by giving the lumen a more tibe-like appearance. The outlines are irreg- 
ular, rigid and infiltrated. The normal contraction rings are lacking. 
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Fig. 7. a) and b) Vesiculography, left oblique and frontal views, respectively. c) Urethrocystogram, 
frontal view. Prostatic carcinoma encroaching median portion of right seminal vesicle, lateral portion 
uninvaded. Bone metastases not present. 


In the early stages, when the process is limited to the prostate, 7. e. 
actually inside the prostatic capsule, the changes mentioned are noticed 
only in the ejaculatory duct. The seminal vesicle and the ampulla present 
no sign of infiltration (Fig. 2 c, right side). Figs. 5 and 6 represent vesi- 
culograms from two different patients with prostatic carcinoma. In more 
extensive cases of carcinoma the infiltration invades the excretory duct, 
the ampulla, and the seminal vesicle, which also assume rigid contours 
and signs of irregular infiltration. As the infiltration encroaches upon 
the seminal vesicle the size of this gradually decreases in the median 
infiltrated portion, whereas the lateral uninvaded portion of the seminal 
vesicle shows normal conditions (Fig. 2 c, left side). In these cases there- 
fore, vasovesiculography gives useful information of the extent of the 
growth (Fig. 7). 

In advanced cases the infiltration is frequently seen to be so marked 
that the ejaculatory duct has become stenosed. If in such cases too high 
an injection pressure is applied, rupture may occur and the contrast 
medium escape to the surrounding tissues. 

Vaso-seminal vesiculography performed in the 32 cases of prostatic 

carcinoma showed in 24 cases changes characteristic of carcinoma. 
Skeletal metastases were demonstrated in 10 of these, while in 14 cases 
such changes could not be definitely demonstrated. In 5 cases the ex- 
amination disclosed changes suggestive of carcinoma, one of which had 
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Fig. 8. Marked prostatic hypertrophy with multiple calcifica- 

tions. Contrast-filled ducts and cavities (chronic prostatitis). 

Arrows indicate dilated ejaculatory ducts and marked displace- 
ment of base of bladder. 


skeletal metastases. In 3 cases the examination revealed changes as in 
hypertrophy and signs of carcinoma were not demonstrable in the ejacula- 
tory duct or seminal vesicle. 


Inflammation. Acute and, particularly, chronic inflammation cause 
pathologic changes in the prostate and spermatic tract. This is especially 
true of gonorrhoea and tuberculosis but also holds for non-specific in- 
flammatory changes. The inflammatory changes are most often seen in 
the ductus deferens, the ampulla and the seminal vesicle. In the majority 
of cases the ejaculatory duct seems to be only mildly affected, or not 
affected at all. 

Strictures with total or partial occlusion in the ductus deferens are 
well known late results. In the presence of chronic spermatocystitis major 
changes are frequently observed in the seminal vesicle —the normal 
bulges are blurred, and the seminal vesicle may be dilated or shrunk, with 
considerable thickening of the wall. It is only the cases with shrinking 
and inflammatory infiltration in the wall which may be confused with 
carcinoma. When inflammation is present, however, changes are seen in 
the entire seminal vesicle. In the presence of carcinoma, on the other hand, 
the infiltration originates medially and spreads gradually. 
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Chronic prostatitis, with or without calcification in the prostate, is a 
very common occurrence in prostatics. Even with major chronic prosta- 
titis, however, the ejaculatory duct is only slightly affected, and changes 
as in carcinoma are pt observed (Fig. 8). 

Benign hypertrophy and prostatic carcinoma usually give character- 
istic changes. Only in a few cases have the inflammatory changes caused 
difficulties in differential diagnosis. 


Conclusions 


The performance of vaso-seminal vesiculography in patients with 
benign hypertrophy and prostatic carcinoma has demonstrated character- 
istic radiographic signs which make it possible to establish a definite 
diagnosis in approximately 90 per cent of the cases. In some instances 
the examination was unilateral only, and consequently inadequate, es- 
pecially as far as carcinoma is concerned, in which the process is fre- 
quently unilateral and thus may have been present on the opposite side. 
In suitable cases, therefore, the examination should always be carried 
out bilaterally, thereby ensuring still better results. Attention has to be 
directed to the fact that some cases of carcinoma cannot be diagnosed 
by this method of examination, viz. those localized anteriorly and antero- 
laterally in the prostate gland. Small carcinomatous nodules which have 
not yet infiltrated the ejaculatory duct may also escape detection. This 
group of cases is probably very small, in the present material only three 
cases, 7. e. 10 per cent of our cases of carcinoma. If it is proposed to carry 
out vasectomy in patients with benign hypertrophy and prostatic carci- 
noma, vaso-seminal vesiculography should be performed. 


SUMMARY 


An account is given of radiographic changes in the spermatic tract with hypertrophy 
and carcinoma of the prostate gland, studied by vaso-seminal vesiculography in 166 cases. 
This examination makes it possible to establish the differential diagnosis between the 
two lesions in the vast majority of cases. In the presence of prostatic carcinoma the ex- 
amination also gives excellent information as to the local extension of the lesion, a point 
of great importance in the consideration of radical prostatectomy. 


ZUSAMMENFASSUNG 


Ein Bericht iiber die réntgenologischen Veranderungen der Samenwege bei Hyper- 
trophie und Karzinom der Prostata, die in 166 Fallen mit Hilfe der vasoseminalen Vesiculo- 
graphie studiert wurden, wird vorgelegt. Die Untersuchung erlaubt es, in der grossen 
Mehrzahl der Fille die Differentialdiagnose zwischen den beiden Erkrankungen zu 
stellen. Liegt ein Prostatakarzinom vor, gibt die Untersuchung auch ausgezeichnete Aus- 
kunft iiber die 6rtliche Ausbreitung der Erkrankung; dieser Punkt ist von grosser Be- 
deutung bei der Beurteilung der Radikilitaét der Prostatektomie. 
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RESUME 


L’auteur décrit les modifications radiologiques des voies spermatiques dans Vhyper- 
trophie et dans le cancer de la prostate, étudiées par déférento-vésiculographie dans 166 
cas. Cet examen permet de faire le diagnostic différentiel entre ces deux affections 
dans la trés grande majorité des cas. En cas de cancer de la prostate cet examen donne 
aussi de trés bons renseignements sur l’extension locale de la lésion, qui ont une grande 
importance au point de vue de la prostatectomie radicale. 
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INVESTIGATION OF THE TOLERANCE OF THE 
RABBITS KIDNEY TO NEWER CONTRAST 
MEDIA IN RENAL ANGIOGRAPHY 


by 


Nils O. Berg, Hans Idbohrn and Bo Wendeberg 


Tri-iodized contrast media have beccme available in recent years and 
have been widely used with relatively few and even then only mild side- 
reactions (BABAIANTZ and WtESER 1955, Moore and MEYER 1955, 
Ey.Ler, Drew and Bowne 1956, ALDERSON and Bucky 1957, RotH and 
NICHOLSON 1957 and others). Serious reactions due to hypersensitivity 
are rare (EYLER et coll.). 

The method used in an earlier investigation of the tolerance of the 
rabbit’s kidney to contrast media proved a sensitive indicator of the 
toxicity of the latter (IDBoHRN and Bera 1954). It was therefore con- 
sidered of interest to study the latest contrast media by the same method. 

The media investigated were Triurol (Leo, Sweden) — the same com- 
pound (sodium acetrizoate) as Urokon (Mallinckrodt, USA) —, Hypaque 
(Winthrop, England: sodium diacetamido triiodobenzoate) and_ the 
corresponding Norwegian preparation Nycopaque (Nyco), Miokon (Mal- 
linckrodt, USA: sodium N-methylglucamine salts of diprotrizoate), 
Urografin (Schering, Germany: sodium and methylglucamine salts of 
diatrizoate) and Umbradil (Astra, Sweden: iodopyracet). 

Submitted for publication 15 January 1958. 

19 —583088. Acta Radiologica, Vol. 50. 
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Some of these contrast media have been studied for their effect op 
the peripheral circulation in experimental animals (LINDGREN & Top. 
NELL 1958, OLIN 1957). Triurol produced a marked and fairly protracted 
dilatation of the vessels, while Urografin and Hypaque had hardly any 
demonstrable influence on the circulation. Other investigators (Wrnzgp. 
LANGECKER and JUNKMANN 1954) who used the Warburg technique, 
assessed the toxicity of contrast media by their effect on tissue respira- 
tion. None of the renal contrast media impaired tissue respiration more 
than slightly. Of the media investigated, Urografin was found to inhibit 
tissue respiration least. No correlation was found between the degree 
of impairment and the local tolerance of the contrast media. 


Present investigation 


Triurol was used in concentrations ranging between 17.5 and 37.5 
per cent, Hypaque between 45 and 90 per cent and Nycopaque in 37.5 
and 50 per cent concentrations, Miokon between 25 and 50 per cent, and 
Urografin between 22.5 and 76 per cent. Umbradil 17.5% and 6% 
saline were used in the control series. The contrast medium was warmed 
to body temperature before injection. 

Rabbits, a total number of 94, weighing on the average 2.25 kg were 
used. 


Technique. The procedure employed was that described as Method II 
in a preceding investigation (IDBOHRN and Bera 1954). According to 
this method, the blood supply to the left kidney is shut off during retro- 
grade injection of the contrast medium into the aorta. One milliliter of 
contrast medium is injected within 5 seconds. In some of the experiments 
with Urografin 76 % and Hypaque 90 % the injection required 6 to 8 
seconds because of the higher viscosity of these media. In all of the 
experiments the blood supply to the left kidney was suspended for 10 
seconds. 

In earlier experiments with Umbradil in a concentration of at least 
17.5 %% renal morphologic changes were demonstrable within 5 to 18 
minutes of the injection and soon reached their maximum. In the present 
investigation the animals were killed usually one hour after the injection, 
though six were killed after 15 minutes and six after 2 hours. The new 
contrast media might be capable of causing renal injury not morphologi- 
cally demonstrable until after a longer period. Mild, histologic changes 
due to renal anoxia, for example, are thus most pronounced | to 3 days 
after the injury (FAsERS 1955). The contrast media were therefore also 
studied for any delayed effect. One milliliter of the contrast medium in 
the highest concentration not producing demonstrable injury within 
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Fig. 1. Early necrosis in tubular cells with Fig. 2. Albuminous exudate with characteristic 
pyknosis and karyorrhexis one hour after vacuolation and a few desquamated epithelial 
injection of Triurol 37.5 %. cells one hour after injection of Miokon 50%. 


1 hour was injected and the animals were not killed until 13 hours to 
3 days later (two animals 13 to 14 hours and sixteen 1 to 3 days). 

Both kidneys were weighed post mortem, inspected with the naked eye, 
and examined microscopically. 


Results 


In a few of the animals the kidney exposed to contrast media was 
swollen and heavier than the contralateral kidney. These enlarged kidneys 
also showed microscopic changes. In the remainder of the animals the 
gross appearance of the left kidney was normal. 

As to the results of the histologic examination (Diagram 1), Umbradil 
17.5 % produced lesions in 3 out of 6 animals, 7. e. in about the same 
percentage as in the preceding investigation. Triurol 17.5 °% caused no 
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Diagram 1. Renal changes after injection of different contrast media. 


histologic changes, but in a 25 % concentration gave rise to lesions in 3 
out of 4 animals studied. In these 3 damaged kidneys, the changes were 
slight with casts in the convoluted tubules and degenerative changes of 
the epithelium. In a 37.5 % solution it led to injury in all 4 rabbits 
examined. In these the damage was more severe and more extensive, and 
epithelial necrosis was seen in the convoluted tubules (Fig. 1). 

Miokon in a concentration of 37.5 % or less produced no morphologic 
changes. In a 50 % solution, however, lesions were found in all 3 
rabbits studied. The damage was mild to moderate in severity and ex- 
tent (Fig. 2). 

Urografin 22.5 to 76% proved innocuous. In 7 experiments with a 
60 % solution and in 4 with a 76 % solution the animals were allowed to 
live 1 to 3 days, but in none were any renal lesions demonstrable. 

Hypaque 45 to 90 % concentration and Nycopaque 37.5 °/, and 50 %, 
were not found to be injurious. Hypaque was tried on 8 animals which 
were allowed to live for 2 days. 

The type of lesion seen after the injection of Triurol and Miokon was 
just the same as that observed after the use of Umbradil. In the experi- 
ments with Triurol the severity of the damage appeared to vary with 
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the concentration of the contrast medium. This finding thus differs from 
what was found in earlier experiments, where the extent of the injury 
after the use of Umbradil 17.5 °% did not increase with further increase 
in the concentration of the contrast medium. The present material (8 
animals) was, however, not large enough to permit any definite con- 
clusions. 

In order to investigate the effect of hypertonic solution, some control 
experiments were performed with 6 % saline. The animals were killed 
1 hour after injection and none of them showed any evidence of renal 
injury. 

Discussion 


From a diagnostic point of view it is the iodine content of the contrast 
medium that is of greatest interest because that is what determines the 
degree of radiopacity of the medium. The maximum permissible con- 
centration of the contrast medium is dictated by other factors such as 
the toxicity as measured by the frequency of consequent pathologic 
changes following the use of the medium in animals and the frequency of 
complications in clinical trials. 

The iodine content of the contrast media studied varies widely. This 
variation is clear from Diagram 2 which gives the concentration of the 
contrast media with an equivalent amount of iodine (250 mg/ml). Triurol 
has the highest concentration of iodine followed by Hypaque (Nycopaque) 
and Miokon. In Umbradil and Urografin the iodine content is much 
smaller. 

Diagram 3 shows the iodine content of the maximal innocuous con- 
centration of the contrast media, as judged by our experiments. It should 
be mentioned that Urografin and Hypaque (Nycopaque) in all available 
concentrations were non-injurious to the kidneys. A disadvantage of 
these contrast media is however that when in high concentration they 
become very viscous. As shown by LENTINO et coll. (1956), the viscosity 
can be appreciably reduced by warming; but even so it still rather limits 
their use. 

The mode of action of the contrast media on the kidneys is obscure. 
It is clear from Diagrams 2 and 3 that the degree of toxicity does not 
rary with the iodine content of the contrast medium. Thus neither 
Hypaque 90 °% nor Urografin in 76 % concentration produced any 
morphologic changes, though their iodine content was much larger than 
that of Umbradil (17.5 °%) or Triurol (25 °%). 

Contrast media are highly hypertonic solutions and might as such be 
capable of injuring the kidneys. We therefore carried out control experi- 
ments with 6 °% NaCl. The tonicity of this solution is far higher than that 
of the lowest injurious concentration of Umbradil and Triurol. The 
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Diagram 2. Concentration of contrast media with 
equivalent amount of iodine (250 mg/ml). 
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Diagram 3. Iodine content of maximal innocuous 
concentration of contrast media. 


tonicity of Miokon 50 °%, is also less than that of 6 °%%, NaCl. The tonicity 
given as the osmotic pressure for 0.9 °% saline is 7.6 atmospheres at 37° C 
and for 6 °% saline 50 atmospheres. Of the contrast media studied, the 
highest concentrations of Urografin, Hypaque (Nycopaque) and Miokon 


had an osmotic pressure approaching or exceeding 50 atmospheres. Of 


these contrast media it was only Miokon that produced renal injury. 
It may thus be concluded that the hypertonicity of the contrast media 
alone cannot be held responsible for the renal injury. BkRoMaNn and OLsson 
(1949) arrived at the same conclusion in their investigation of the effect 
of contrast media on the cerebral vessels. 

In our preceding paper it was pointed out that the renal damage 
might be due to the combined effect of several factors such as ischemia 
or the possible toxic effect of the anaesthetic and of the contrast medium. 
In those experiments renal ischemia and anaesthesia in combination 
produced no demonstrable morphologic renal injury but they might have 
rendered the tissue more vulnerable to the action of the contrast medium. 
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According to LINDGREN and to OLtn, Triurol has a strong dilatory 
effect on the peripheral vessels. Hypaque (LINDGREN & TORNELL) and 
Urografin (OLIN) produce practically no such effect. On repeated injec- 
tion of Umbradil, however, a contraction of the vessels was observed 
(IDBOHRN and Bere 1954). This finding fits in well with our observation 
that the use of Umbradil was followed by a sudden increase in the per- 
meability of the glomeruli with temporary leakage of large amounts of 
protein-rich fluid. Cumulative data thus suggest that it is the vessel walls 
that are injured first. W1NzER et coll. expressed the view that the toxicity 
of the contrast medium is probably dependent on the extent to which it 
impairs tissue respiration. It is, however, not known what property of 
the contrast medium is responsible for this impairment. 


SUMMARY 


Contrast media of varying iodine content were studied for their toxic effect on the 
rabbit’s kidney in renal angiography. Urografin, Hypaque, and Nycopaque produced no 
demonstrable renal damage. 


ZUSAMMENFASSUNG 


Kontrastmittel mit verschiedenem Jodgehalt wurden auf ihren toxischen Effekt auf 
die Kaninchenniere bei der renalen Angiographie gepriift. Urografin, Hypaque und 
Nycopaque erzeugten keine nachweisbare Nierenschadigung. 


RESUME 


Les auteurs ont étudié la toxicité sur le rein du lapin au cours de l’angiographie 
rénale de produits de contraste contenant différentes quantités d’iode. L’Urografin, 
lHypaque et le Nycopaque n’ont pas produit de lésion rénale décelable. 
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TILT PHLEBOGRAPHY 
Retrograde phlebography by ascending injection 
by 


Kai Dohn 


Phlebography of the lower extremities is in the majority of cases 
performed as a complement to the clinical examination in order to as- 
certain whether the deep veins are normal. Changes in the deep veins 
make surgical treatment of varicose veins problematic; at any rate its 
effect will be less assured and the question of operating upon the deep 
veins will arise. 

Changes in the deep veins are most frequently the sequelae of throm- 
bosis, as a result of which a more or less complete recanalisation of the 
veins, at least in seventy to ninety per cent of cases, occurs (LINTON & 
Harpy 1948, LinpE 1949, Bauer 1951, Dow 1951, HosENsSGARD 1951, 
Linton 1953, Greirz 1955 c, CocKETT 1955, Dopp & CocKETT 1956). The 
valves of the veins are, however, permanently destroyed so that the re- 
established vein channels are incompetent. 

Of late years another condition has been reported, though not uni- 
versally accepted, 7. e. ‘non-post-thrombotic deep incompetence’ (LUKE 
1941, 1951, MARTORELL 1946, BAUER 1948, 1955, Donn 1956 b). This is 
characterized by the presence of incompetent valves in the deep veins. 


Presented in an abridged version at the 21st Congress of the Nordic Association of 
Medical Radiology, Copenhagen, 1957. Submitted for publication 5 September 1957. 
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Fig. 1. Normal tilt phlebogram. 40 ml contrast 

medium injected into vein on dorsum of the foot 

for 20 see; subject in 10° feet-down position 

and 10 sec after injection tilted to 60° feet-down 

position in the course of 3 sec. Exposure made 
5 see later. 


DOHN 


The phlebographic determina- 
tion of whether the deep veins are 
normal thus calls for a technique 
which will unfailingly depict any 
valves present in the deep veins and 
show whether they are competent. 
Such a technique was evolved by 
the author in 1951 and published 
in a short paper the following year 
(Donn 1952). Since then many varia- 
tions on the phlebographic technique 
have been described although none 
in the author’s opinion fulfil the 
requirement of a reliable demonstra- 
tion of competency of the valves of 
the deep veins. 


The principle of tilt phlebography. 
The function of the valves of the 
veins being to prevent a retrograde 
flow of the blood the safest criterion 
of valvular competence must be that 
such a flow does not occur even 
under optimal conditions, 7. e. when 
the vein pressure proximally is the 
highest obtainable above the pres- 
sure distally. Such a condition 
occurs, and presents a normal phys- 
iologic phenomenon, immediately 
following a sudden change from the 
horizontal to the erect position as 
adopted in the Trendelenburg test 
for incompetence of the superficial 
veins. 


The phlebographic examination is consequently performed under 
this condition. The injection of the contrast medium is made with the 
subject in the horizontal posture and the roentgenograms obtained a 
few seconds after the subject has been quickly moved to the erect posi- 
tion. Moreover, the contrast medium is injected into a distal part of the 
extremity so that the veins throughout the limb are filled before the 


change of position. 
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Fig. 2. Upper view: 1 ml diodone 60 % injected into one end of a 


horizontally placed plastic tube filled with citrated blood and enclosed 

in a water-filled glass cylinder. The contrast medium fills only the 

lower part of the tube. Lower view: Tube tilted vertically and ex- 

posed 5 sec later. The contrast medium remains in the dependent 
part of the tube. 


Demonstration of the valves. Fig. 1 shows tilt phlebograms from a 
normal case five seconds after the change of position. Segmentation of 
the contrast medium throughout the deep veins of the leg is noted, the 
contrast medium being collected above the valves with none in the veins 
just below them. Such appearances indicate that the deep veins possess 
valves and that these are competent (at the time of the exposure). 

The segmentation is caused by layer formation between the blood 
and contrast medium. Owing to the higher specific gravity of the contrast 
medium and the high viscosity of both the blood and the contrast medium 
the latter fills only the lower part of the vessel during the injection into 
a limb situated horizontally, as shown by model tests (KJELLBERG 1943, 
(REITZ 1954), as well as by phlebography (HELLSTEN 1942, BAUER 
1942, HosenscArp 1951). During the change of position the contrast 
medium remains at the lower part of the vein without mixing with the 
blood (cf. model tests Fig. 2), for which reason it collects above the 
valves. This technique consequently derives advantage from the high 
specific gravity of the contrast medium and its inability to mix with 
blood, which in other methods, on the contrary, may be a source of mis- 
interpretations. For a correct interpretation of the phlebograms it is 
important to bear in mind that the contrast medium, being of a higher 
specific gravity than blood, certainly sinks at a rate which is not in- 
significant (Fig. 3 a and b), but thereby mixes with the blood (Fig. 3 c), 
and once mixed with blood the contrast medium apparently does not 
sink (Fig. 3 d). 

It is obvious that the arrest of the column of contrast medium by a 
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valve will depict the latter 
convincingly and be the 
only way in which valvular 
competence can be dem- 
onstrated. However, a 
segmentation like this can 
only be demonstrated if 
: the film is exposed before 
the blood flow in a central 
direction has been re- 
sumed after the change of 
position. When the flow is 
re-established the contrast 
medium and blood will 
mix, forming one unbro- 
ken column which, al- 
though capable of showing 
valve configuration, does 
not offer any possibility 


« 


3 of establishing that the 
valves are competent. (Cf. 
Fig. 4.) 
; Knowledge of the be- 


haviour of the venous 

blood flow therefore 

a essential for the technique 

b - d and interpretation of phle- 


bography in which change 
Fig. 3. a) 1 ml diodone 35°, injected during 3 sec at the top of ‘ 


a blood column in a vertical plastic tube enclosed in a water- of position IS being em 
filled glass cylinder which is exposed 2 sec later. b) 7 see ployed. 

later, the contrast medium has sunk 16 em. ce) After 


another 7 see it has reached the bottom of the tube, 
being completely mixed with blood in the upper two-thirds The venous blood flow 
tube fertically: expowure 20 min ater, @fler quick change from 
No sinking of contrast medium. the supine to the erect 
posture. Immediately fol- 
lowing the change of position the valves of a vein of a normal 
extremity, each carrying the weight of the blood column above, will close. 
The venous blood will be arrested and the venous pressure in the extrem- 
ity remains the same as in the horizontal position (sketches (a) and (b) 
in Fig. 5). As the veins are being filled from the arteries the venous 
pressure gradually increases until it exceeds the hydrostatic pressure; 
the flow centrally is then resumed (sketch (c) Fig. 5). 


TILT 
4 


The re-establishment of the 
central flow is brought about 
more quickly in the femoral 
vein than in the deep veins of 
the lower leg on account of 
the relatively greater venous 
supply from the large muscles 
of the thigh (seen in Fig. 4 a). 
In the normal extremity de- 
picted in Fig. 1 the hydrostatic 
pressure distally in the femoral 
vein was reached five seconds 
after the change from the 
supine to the erect posture 
(obtained by pressure measure- 
ment after catheterization of 
the lesser saphenous vein and 
undertaken in co-operation 
with HoseENSGARD & SrUrup 
in 1951). At this juncture the 
centripetal blood flow is re- 
established so that the contrast 
medium forms uninter- 
rupted column in which the 
femoral valves are revealed 
only by the contrast medium 
caught up in the valve pockets, 
while distinct segmentation is 
seen above the valves of the 
deep veins of the lower leg. 

It must, however, be stated 
that slight or even entire ab- 
sence of segmentation in nor- 
mal femoral veins may also be 
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a b 


Fig. 4. Normal tilt phlebography. a) 20 see after tilting 

the venous blood flow is still arrested at knee level 

and in lower leg, as shown by segmentation of the 

contrast medium above competent valves. b) The 

centripetal blood flow is re-established by active 

muscular contractions whereby contrast medium and 
blood form one unbroken column. 


caused by a more complete contrast-filling of the femoral vein than of 
the more distal deep veins during an injection with the subject 
recumbent; this has been demonstrated by the author in films taken 
with a horizontal projection before the change of position. The phenom- 
enon may probably be accounted for by the blood and the contrast 
medium being mixed in the femoral] vein owing to the greater velocity 


of flow and ampler supply. 


The absence of segmentation in the femoral vein despite the presence 
of valves and a simultaneous occurrence of segmentation in the lower 
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a 60,6 
6 
= 40 200 200 
mm 
} 
Rate of blood flow: t mm 
25 = 
0.04 q 
Tilting 
Fig. 5. Plethysmographic registration of volume increase of normal calf following rapid tilt from hori- 4 
zontal to erect posture (at | |), and sketches of relevant blood flow in deep veins. | 
leg does not thus per se justify the diagnosis of femoral valvular in- 
competence, 

Information regarding the time of resumption of the centripetal 
venous blood flow in the lower leg has largely been achieved through 
plethysmographic investigations. By means of a specially designed ; 
apparatus and a special investigation technique (DoHN et coll. 1956, 
DouNn 1957) it has been possible to make continuous measurements of | 
the volume increase of the extremity after a quick change from the supine " 


to the erect posture. 

The volume increase of a normal lower leg (Fig. 5) is initially recti- 
linear and of the same magnitude as the arterial blood supply, indicating } 
a complete arrest of the venous blood flow. Its duration at calf level has 
been found in thirty normal extremities to vary between ten and thirty 
seconds, or an average of fifteen seconds, at ordinary room temperature 
(about 20° C). Within the first ten seconds of the change of position 
the venous flow in the lower leg of a normal extremity will thus still be 
arrested. of 

Following this initial rectilear volume increase the slope of the 
curve in Fig. 5 is gradually diminished until the curve becomes prac- 
tically horizontal about one and a quarter minutes after the change of . 
position. This is consequently the length of time necessary for the centripe- 
tal venous blood flow to be completely re-established — for 25 normal 
extremities the time was found to vary between 0.75 and 1.5 min, an . 
average of about | min. This time is in conformity with direct measure- 
ments of the duration of the pressure increase in the superficial veins 
of the lower leg after a change to the erect position (PoLLAck & Woop ' 
1949, Henry & GAvuER 1950, HoseNSGARD 1951). 

Accordingly, the centripetal venous blood flow in the lower leg com- 
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Fig. 6. Tilting table. a) In position for injection; tube set for p. a. views erect. b) In ‘erect’ 
position for simultaneous frontal exposures of lower leg and thigh. 


mences as early as about 15 seconds after the change of position, pre- 
sumably in the deep veins (ef. the said rapid pressure increase in the 
lower part of the femoral vein). At one and the same level, however, the 
centripetal flow in the superficial veins is only re-established in about 
one minute or more. In this connection direct measurements have 
shown a higher pressure in the deep than in the superficial veins for at 
least sixty seconds after a change to the erect posture at one and the 
same level in the lower leg (MATHIESEN 1955). 

The more rapid pressure increase and the earlier re-establishment of 
the centripetal flow in the deep veins must probably be due to a relatively 
greater venous supply to the deep than to the superficial veins. 

If the filling of the veins following the change of position is caused 
not only by blood from vay arteries, but also by a retrograde flow in 
incompetent superficial or deep veins, the venous pressure will reach 
the hydrostatic pressure more quickly, and the centripetal blood flow 
will be re-established earlier. The films will therefore have to be ex- 
posed correspondingly earlier if the venous reflux cannot be obstructed 

by means of a tourniquet or digital compression of an incompetent 
saphenous vein during and after the c change of position, or by compression 
of the entire superficial system by the applic ation of an elastic bandage 
around the extremity. 


The application of tilt phlebography for depicting incompetent com- 
municating veins. The criterion of incompetence of the communicating 
veins is the filling of superficial veins from the deep veins, the basis of 
which is a higher pressure in the latter. As stated above, this condition 
is present after a rapid change from the supine to the erect posture, 
provided a retrograde flow does not exist in the superficial veins or, if 
present, can be eliminated by compression. 
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Fig. 7. ‘Non-post-thrombotic deep incompetence.’ 
Frontal view 6 sec after tilting. Valves in deep 
veins with segmentation in lower leg. The tapered 
streak of contrast medium extending downwards 
from the valve at knee level demonstrates a 
retrograde blood flow indicating incompetence. 
Lateral view (after patient on tiptoes) shows that 
compression of the popliteal vein by the tourniquet 
is not the cause of the streak of contrast medium. 
Supplementary plethysmography confirmed the 
presence of deep venous reflux. 


Fig. 8. Isolated lower leg thrombosis. Frontal 
view 8 sec after tilting. Lateral view 30 sec later. 
Posterior tibial vein considerably dilated, irregu- 
lar, and valveless in central part; otherwise the 
deep veins are normal and show segmentation. 
A sequela of an isolated thrombosis of posterior 
tibial vein is evident. Large number of incompe- 
tent communicating veins emanating from post- 
thrombotic segment of deep vein. 


Tilt phlebography therefore presents an ideal method for the dem- 
onstration of incompetent communicating veins and has been adopted 
especially for this purpose by MATHIESEN (1955, 1958). 

In order to ensure filling of the communicating veins the deep veins 
must be filled with contrast medium in their entire length. For this 
reason films to show communicating veins have to be exposed after 
the resumption of the centripetal blood flow in the deep veins, but natu- 
rally before the pressure in the superficial veins has reached the hydro- 
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static pressure, 2. e. tor the lower leg 0.5 to 0.75 min after the change of 
position in the case of normal deep veins. If the deep veins are incompe- 
tent the contrast filling of the deep veins, by reason of the retrograde 
flow, will be complete within about five seconds after the change of 
position; furthermore, the centripetal flow in the superficial veins will 
be resumed as early as ten to thirty seconds after the change of position 
(as demonstrated plethysmographically (DoHN 1957)). Films must thus 
be obtained as early as five to ten seconds after the change of position 
in the case of deep incompetence. 

The outlining of the communicating veins by tilt phlebography based 
on a physiologic and predictable method for demonstrating their incom- 
petence must necessarily be superior to those phlebographic methods in 
which an attempt is made to increase the pressure in the deep veins of 
the recumbent subject either by means of tourniquets applied proximally 
(MassELL & ErrinceR 1948, Moore 1951) or by a Valsalva manoeuvre 
(Moore 1949, GRYSPEERDT 1953). A technique based on injection directly 
into a deep vein of a recumbent subject makes the heavy opaque medium 
simply flow out into communicating veins against the blood stream 
(SORENSEN 1954). However, only the dependent perforators are filled, but 
in return also those being competent, as stated by Greitz (1955 b, c). 


Technique 


The subject rests on a tilting table which permits of a rapid change of position, 7. e. 
in the course of two or three seconds. A motor-driven roentgen tilting table, being far too 
slow-acting, cannot unfortunately be used. 

An elastic bandage is wound around the extremity from the middle of the foot to 
the upper part of the thigh to ensure the least possible contrast-filling of the superficial 
veins (BAUER 1942, Lérstept 1946, HosensGArp 1951, Grerrz 1954). It will also prevent 
a venous reflux in incompetent superficial veins, if such are present, without the use of 
a proximal tourniquet; the latter might alter the pressure and the filling of the super- 
ficial veins as well as of the deep veins. Although the elastic bandage may reduce the 
filling of the superficial veins from the communicating veins, the latter will probably 
be filled, and the compression must be deemed decidedly advantageous in the case of 
multiple incompetent communicating veins. In addition, as described by most authors, 
a tourniquet is placed immediately above the ankle to direct the contrast medium into 
the deep and away from the superficial veins. In most of our examinations a tourniquet 
has also been applied at knee level, this being said to ensure a more satisfactory filling 
of the deep veins proximally in the lower leg as well as in the thigh (HosENSGARD 1951). 
Nevertheless, this tourniquet should be dispensed with, as it tends to compress the pop- 
liteal vein. 

Two cassettes are placed on the tilting table in the regions of the lower leg and 
the thigh. The tube is fixed at a distance of 175 cm and centred at knee level for a 
frontal exposure of the subject tilted to the erect posture. The contrast material, con- 
sisting of 40 ml diodone 35%, is injected percutaneously into a vein on the dorsum of 
the foot, as distally as possible, during a period of thirty to forty seconds, the subject 
being in a 10 to 20° feet-down position (Fig. 6 a) — if the posture is a true horizontal 
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one the contrast medium may leave the leg too rapidly. Five to ten seconds after the 
completion of the injection the subject is quickly tilted to the erect position, 7. e. a 60° 
feet-down position, the time of the actual tilting being two or three seconds (Fig. 6 b), 
The leg under investigation is rotated inwards and relaxed, the subject being supported 
mainly by the other leg. 

Five to ten seconds after the beginning of the change of position simultaneous frontal 
exposures are made of the lower leg and the thigh. Lateral views of both regions are then 
obtained simultaneously by means of another pre-set tube, or, if only one tube be avail- 
able, by turning the tilting table and readjusting the tube. If the primary intention be 
to map out incompetent perforators a further frontal film must be obtained 0.5 to 0.75 
min after the change of position, as stated above, provided the deep veins are normal. 
Finally a lateral view of the region of the knee and thigh is obtained immediately after 
the subject has raised his heels twice (LinpBLom 1941, Lérstepr 1946, SHUMACKER 
1949, Ferrera, VittAMIL & Crruzzt 1951, SHumackeR et coll. 1954, Grerrz 1954); 
by this means the contrast-filling of the veins of the thigh is augmented, especially in 
post-thrombotic legs in which the bulk of the contrast material often tends to collect 
more distally after the tilting. 

An injection of 40 ml is to be preferred to 20 ml of contrast medium to obtain 
a better filling of the femoral vein. 

As the tilt phlebography depends for its efficiency on the high specific gravity and 
viscosity of the contrast medium it will undoubtedly be advantageous to employ a solu- 
tion of higher concentration than the generally adopted thirty-five per cent and thereby 
also benefit from its greater opacity. This is borne out by a few phlebographies made by 
the author with diodone 50°, or 60°. The extent to which highly concentrated contrast 
media have come into use of recent years presumably justifies their application in leg 
phlebography without undue risk of thrombophlebitis (cf. Boyce et coll. 1953). 


Discussion 


In practically all papers of late years in which the posture of the sub- 
ject has been discussed it has been maintained that the injection of the 
contrast medium produces a better filling of the deep veins when made 
with the patient erect than when he is recumbent. Greitz (1954) has 
by means of double examinations in 27 cases chosen at random demon- 
strated patency of the deep veins in all of them with the vertical exami- 
nation, while with the horizontal technique a continuous filling of the 
deep veins was not obtained in 12 cases. He states that L6rsTEDT in 
performing double examinations in 30 cases with large varicose veins 
arrived at a similar result, except in 7 in which no filling of the deep 
veins in either position was obtained. 

In tilt phlebography, it is true, the injection is performed with the 
subject recumbent. The said unsatisfactory demonstration of the deep 
veins by injection with the patient lying is, however, not due to the 
deep veins not being filled, but solely to the fact that the contrast medi- 
um, as earlier mentioned, fills only the bottom of the veins in the hori- 
zontal position; the veins will be rendered visible by the tilting on account 
of segmentation or retrograde filling. To this it must be added that the 
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Table 


Degree of filling of deep veins by tilt phlebography; diagnoses based upon phlebographic 

findings supported clinically, and supplemented in 44 cases by plethysmography, in 36 cases 

by venous pressure measurements, and in 12 cases by a different phlebographic technique, 
including pelvic phlebography in 5 cases. 


Num-| Number| Num- ~— veins of lower Femoral vein 
ber of of ber of eg and poples 
extremi-| examl- | Well. | Slightly | Not | Well-| Slightly | Not 
jects | ties nations! filled | filled | filled | filled | filled | filled 
Extremities without 
venous changes ...... 9 10 11 9 2 0 4 0 
Primary varicose veins 10 10 11 8 3 0 7 7 0 
Non-post-thrombotic 
deep incompetence ... 6 7 9 9 0 0 3 6 0 
Post-thrombotic extrem- 
ities 
Isolated lower leg 
thrombosis ...... 8 8 9 7 2 0 7 2 0 
Total leg throm- 
Pe oe ee 22 23 23 9 10 42 10 10 3? 
Thrombosis includ- 
ing pelvic veins . 6 6 6 4 2 0 3 2 
Other diseases'......... 2 2 2 1 1 0 1 1 0 
ME axinntecedvwpanne 61 66 71 47 20 + 35 32 4 


' One case of thrombangitis obliterans. One case of compression of the iliac vein caused by 
recurrent carcinoma of the cervix uteri. 

2 In one case no filling of the deep veins either upon further examination by injection and 
exposure in the erect posture. 

% Five examinations postponed on account of insufficient filling due to faulty technique. 


injection is made with a 10 to 20° feet-down position and not with the 
subject truly horizontal. This view is confirmed by the fact that only in 
about five per cent of all the cases examined by the author’s method has 
the filling been insufficient to permit of an evaluation of the deep veins of 
the lower leg and the thigh. (See the Table.) In this connection it should 
be borne in mind, moreover, that some post-thrombotic legs present an 
incomplete recanalisation which in a few cases probably partakes of the 
nature of an almost completely persistent obliteration of the deep veins 
(DoHN 1956 a). 

As the pelvic veins in several cases of the post-thrombotic syndrome 
are disorganized (cf. Table) it is a drawback of the examination that the 
pelvic veins are not included. GreEitz, however, obtains a satisfactory 
filling of the external iliac vein in all normal extremities and in eighty 
per cent of extremities with venous incompetence by the injection of 
60 ml Umbradil 35 °% into a vein of the foot with the subject erect, the 
films of the pelvis being obtained separately, the last one after vigorous 
muscular activity. 
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Fig. 9. Total thrombosis of lower extremity including pelvic thrombosis. a) and b) Tilt phlebograms 
exposed 8 sec after tilting. Deep veins devoid of valves, the contrast medium forming one unbroken 
column due to retrograde flow. Several incompetent communicating veins in lower leg. In the thigh, 
the contrast medium deviates through a communicating vein at the adductor canal level, densely filling 
the saphenous vein, while there is only a faint irregular contrast-filling of the femoral vein above this 
point, suggesting incomplete recanalisation. ¢) Special pelvic phlebography, subject recumbent. 
Contrast medium injected into greater saphenous vein, compressed above and below the site of the 
puncture. Exposure at end of injection. Upper part of femoral vein replaced by a network of fine veins 
passing into large varicosities in pubic region and into a narrow and irregular iliac vein. 


It seems likely that the pelvic veins would often be shown by tilt 
phlebography if the pelvis is exposed separately, possibly with an 
increase in the amount of contrast medium injected and with the tilting 
effected immediately the injection is terminated. 

If the pelvic veins are not demonstrated by a routine phlebographic 
examination, this must be supplemented by additional pelvic phlebo- 
graphy (according to the techniques of OLIVIER & SEBATIER 1951, GUIL- 
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Fig. 10. Normal extremity (same case as in fig. 1). Contrast 
medium injection (duration 5 sec) into saphenous vein in 
thigh, commenced with subject in a 10° feet-down position 
and terminated at the end of tilting to a 60° feet-down 
position (duration of tilting 3 sec). a) Exposed 1 sec after 
tilting: the contrast medium has descended past the valves 
in the upper parts of superficial and deep femoral veins. 
b) Exposed 5 sec after (a): a considerable part of the 
medium has passed away from both the femoral and the iliac 
veins, demonstrating that the centripetal flow is resumed, 
already 6 sec after tilting. 


HEM & Bavux 1954, or GREITZ 1955 a) in cases suggesting pelvic vein 
disorders; this especially holds for those post-thrombotic cases which 
show swelling of the thigh or varicosities of the abdominal wall, the 
decisive importance of which is clearly illustrated by Fig. 9. 


Retrograde phlebography by descending injection into the upper part 
of the femoral vein does not permit of an evaluation of valvular com- 
petence or incompetence, which is the main object of the method. If 
the injection is made with the subject recumbent and with compression 
above the site of puncture (LUKE 1941, OLIVIER 1950) the contrast medi- 
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um is forced distally without closure of the valves necessarily being the 

result (LUKE 1943). If the injection and the exposure are made w ith the 
subject in the feet-down position (BAUER 1948, SANDEGARD 1949, Suv- 
MACKER 1949, LocKHART-MUMMERY & SMmITHAM 1951, Boyce et coll. 
1953), possibly during straining (LUKE 1951), the contrast medium itself, 
on account of its high specific gravity and possibly accelerated by the 
actual pressure of the injection, travels downwards at a considerable 
speed (cf. Fig. 3), and the valves will not close because the blood flow 
is proc eeding i in a centripetal direction. This holds good too even if ‘the 
foot end of the table is lowered quite rapidly, the injection made im- 
mediately after, and the film exposed within twenty to thirty seconds’ 
(BAUER 1955). As already stated the centripetal flow in the femoral 
vein will be resumed very quickly upon the change to the upright posi- 
tion, more quickly indeed than it is possible to carry out the examination 
by the said technique, as is clearly shown in Fig. 10. 

Failure to appreciate these facts explains why the findings by 
retrograde phlebography have resulted in the most divergent opinions, 
ranging from the one that retrograde filling is always pathologic (BAUER 
1948, 1955, LockHART-MuMMERY & SmiTHAM 1951, Boyce et coll. 
1953) to the view that normal femoral veins present varying degrees of 
valvular incompetence (LUKE 1943, 1951). 

In several other works of late years elaborations of the phlebographic 
technique with the object of demonstrating the functional state of the 
venous system have been described. A modified retrograde technique 
with change of position, in which the injection of the contrast medium 
is made into the lower part of the femoral vein (through a catheter in- 
troduced via the lesser saphenous vein) at the end of a manoeuvre in 
which the patient is moved from the horizontal to the erect posture, has 
been published by Rocke RoBertson et coll. 1949 and Kosak et coll. 
1952 (with slight technical modifications). Another technique is known 
as ‘dynamic’ or ‘functional’ phlebography in which the roentgenograms 
are obtained before and after vigorous muscular exercise, the contrast 
medium being injected into the popliteal vein of the subject erect (FERREI- 
RA et coll. 1951, SHUMACKER et coll. 1954), into a superficial vein at 
knee level (MoorE 1955), or into a vein of the foot (BAUER 1955). 

A type of ‘functional phlebography’ has also been described in which 
the roentgenograms are made before and after a forcible Valsalva 
manoeuvre following the injection of contrast medium into the upper part 
of the lesser saphenous vein of the subject erect (Diez & FERRANDO 1956). 

These methods may produce 1 results somewhat similar to those 
achieved by means of the author’s tilt phlebography although filling of 
the entire deep venous system is not obtained. Furthermore, the duration 
of the tilting and the correct moment for exposure are not taken into 
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consideration in the methods employing change of position while in those 
in which muscular activity or straining is used, the venous pressure 
change is unpredictable and not nearly so great and prolonged as in 
the technique now described. 
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SUMMARY 


A phlebographic method is described by which the valves of the veins are clearly 
shown and conclusive evidence as to their competence is furnished in the event of a seg- 
mentation of the contrast medium column above them. The technique permits of a 
reliable demonstration of incompetent communicating veins. 


ZUSAMMENFASSUNG 


Eine Phlebographiemethode wird beschrieben, mit der die Venenklappen deutlich 
dargestellt werden. Riickschliisse auf die Dichte der Klappen bei einer Segmentation 
des Kontrastpfeilers oberhalb derselben werden gezogen. Die Technik erlaubt eine 
zuverlissige Darstellung unzureichend kommunizierender Venen. 


RESUME 


L’auteur décrit une méthode de phlébographie qui met clairement en évidence les 
valvules et fournit une preuve concluante de leur suffisance dans le cas ot la colonne de 
contraste est segmentée au-dessus d’elles. Cette technique permet de mettre sirement 
en évidence les veines communicantes insuffisantes. 
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COPENHAGEN, DENMARK 


MICTURITION CYSTO-URETH ROG RAPHY 
Automatic serial technique 
by 
Ck. Gudbjerg, L. Kuld Mlansen and Masner 


Radiologic studies of the bladder and urethra during micturition 
have been carried out since the beginning of this century. The first 
cystography was reported as early as 1904 (We LFF), and the subse ‘quent 
years brought reports of the first studies of the bladder during micturition 
(VoELCKER and LicHTreENBERG 1906/1907). 

Biocystographic studies from 1909 with serial films during micturition 
(LicnrENBERG et coll.) are worthy of special mention. Their technique 
was cumbersome and the films were changed manually. In 1921 Bor- 
MINGHAUS mentioned the possibility of cinematography of the bladder 
during micturition, referring to GROEDEL (1919) who had emphasized 
that numerous single exposures were necessary for the exact analysis 
of the flowing movement of micturition and for reproducing the individual 
phases correctly. BokMINGHAUS examined his patients standing before 
the screen during the phase of filling as well as during micturition. 
During the same period others (BLUM et coll. 1920, ister 1922) published 
fluoroscopic studies of the bladder during micturition. Radiologic in- 
vestigation of the urethra was started somewhat later; it is not mentioned 
in the literature until 1910 (CUNNINGHAM), and the first results of mic- 
turition urethrography were not published until 1921 (GLINGAR). 


Read in a slightly modified form at the Danish Radiological Society Meeting, 20 
February 1957. Submitted for publication 25 June 1957, 
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Since that time, several studies both on the micturition cysto-urethro- 
graphy and on a comparison between it and the retrograde method have 
been reported. In Denmark, ORTMANN & CHRISTIANSEN (1934), among 
others, have published radiologic studies on the male urethra and the 
closing apparatus of the bladder as well as the mechanism of urination 
under normal and pathologic conditions. They injected a contrast medium 
intravenously and emphasized the importance of not using a catheter 
or the like so as to avoid irritation of the urethra. 

Attention should be drawn to EpLIna’s paper (1945) from Sweden. 
He compared the information obtainable by the retrograde and mic- 
turition methods and concluded that the latter afforded an important 
supplement to the data obtained by the former. 

A common feature of all these radiologic studies on micturition has 
heen that they have all embodied single exposures or in the few cases 
in which serial exposures have been employed, the cassette has been 
changed by hand. It is of course impossible by these means to obtain a 
sufficient number of exposures at the right moment. Moreover, the manual 
changing of cassettes constitutes a disturbing element during micturition 
which, as the process is to a great extent influenced by psychic factors, 
is one to be avoided. These factors are of particular significance in in- 
vestigating the condition of the bladder floor and sphincter. 

BENEVENTI & MARSHALL (1956) have recently published a paper on 
automatic serial exposures in four cases of urmary incontinence. Auto- 
matic serial exposures during micturition give a far more reliable picture 
of the alterations in the position of the bladder. At the same time, they 
vield valuable information on vesico-ureteral reflux, residual urine, the 
internal orifice, and the bladder base, factors of the utmost importance 
in modern urology. 

The publication of our experiences in a material of 100 cases in which 
the bladder function was investigated by means of automatic serial 
exposures during micturition would appear to be of interest. 


Technique 


The rectum is emptied as completely as possible. The bladder is 
drained by means of a rubber catheter lubricated with xylocaine gel 
which, in addition to being a good lubricant, produces adequate anaes- 
thesia of the urethra. The bladder is then filled with contrast medium 
until the patient experiences a sensation of wishing to pass water. As con- 
trast medium we have used Diodone 45 °%, a total of 100 ml diluted with 
200 ml sterile water in adults and 60 ml diluted with 120 ml water in 
children; the concentration of the medium is thus 15 ©. This gives suffi- 
cient density but at the same time does not irritate the bladder or urethral 
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Table 1 


Age in years and sex distribution of 100 subjects 


0 to 10 | 10 to 20 | 20 to 30 | 30 to 40 | 40 to 50 | 50 to 60 | 60 to 70 | 70to 80] = Total 


Females... 12 7 7 7 5 2 4 0 44 
Males..... 3 6 3 1 4 9 22 56 
Total 15 13 10 8 9 11 26 8 100 


mucosa. If these quantities do not produce a sensation of distension they 
are supplemented by sterile water, but as a rule this is not necessary. 
Bubbles of air in the syringe must, as always, be avoided. The catheter 
is then removed, and the patient is placed in the erect posture with the 
legs slightly parted before a film changer (Elema) which is capable of 
exposures of up to 8 films a second. In some cases simultaneous exposures 
in two planes are made. 

The following films are obtained: one before micturition is started, 
followed by films at 3 to 5 second intervals according to the rate at which 
the bladder empties, the strength of the urinary stream, and the amount 
of fluid previously injected into the bladder. Care is taken to make an 
exposure immediately before micturition is finished and one, or perhaps 
more, immediately after, especially if there is a suggestion of a vesico- 
ureteral reflux. This procedure may of course be varied according to the 
special purpose of the investigation. 

We have tried lateral, oblique, and anteroposterior views but are now 
using only the latter as giving technically the best results. The tube 
distance is 90 cm, and the central beam is directed towards the upper 
margin of the symphysis pubis and about 5 degrees cranially. In the 100 
investigations performed so far, the number of exposures has been about 
10, in a few instances up to 20. 

Table 1 shows the age distribution in the 100 cases. It must be pointed 
out that micturition was in all cases completely free and without any 
form of artificial obstruction, and that it was spontaneous; no drugs 
were employed. The expression method, by which micturition is induced 
by manual pressure upon the bladder during general anaesthesia, was 
only used in a few exceptional cases. This method is employed chiefly 
in cases in which the patient is unable to collaborate in the micturition, 
i. e. in children under 3 years of age and in young subjects with severe 
obstruction who are to undergo operation immediately after the catheteri- 
zation (WILLIAMS 1954). 

To avoid physiologic sources of error, the best possible conditions 
must be created so that micturition will be entirely unrestrained; the 
room must be quiet, the light subdued, and the patient should preferably 
be alone. 
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Complications. None of the 100 patients has had any complications 
in immediate connection with the investigation. Two complained of a 
little burning on znicturition, but there has been no fever or rigors. The 
symptoms subsided within 24 hours, in conformity with EDLING’s findings 
(1944). There has been no instance of allergy, nausea or vomiting. 

As to other complications which might possibly be due to the in- 
vestigation, it is worth mentioning embolus which has been reported in 
several cases (HRYNTSCHAK 1935, MarceEL & BrocHARD 1937). CRAB- 
TREE, in reviewing the literature, found 27 cases of urethrovascular 
invasion, 4 of which ended fatally due to fat emboli arising from the use 
of oily contrast media. This leads us to consider the phenomenon of 
urethrocavernous reflux through small lesions in the urethral mucosa. 
As a rule, however, this is only encountered with the retrograde method, 
although it has also been observed after micturition studies (EDLING 
1945); in the latter cases, however, artificial obstruction had been em- 
ployed. To-day, after the advent of water-soluble contrast media, the 
danger of embolism may be said to be non-existent. Urethrocavernous 
reflux, on the other hand, may in addition to inducing rigor and fever 
play an important role, partly as a source of error and partly | by producing 
false vesicoureteral reflux as the absorbed amount of contrast medium 
is excreted through the kidneys to the ureter (ScutNnz et coll.). 

Urethral stricture has been reported as a complication, but these 
cases can nearly always be traced back to injuries caused by catheteri- 
zation and do not appear to have been due to the contrast medium 
(EpLine 1945). Another possible complication, due to catheter injury, 
is the spread of infection from an infected diverticulum or a tuberculous 
focus. 


Discussion 


It may be said that the method offers several advantages over previous 
techniques of the same nature or within the same field. First, the simple 
fact that it is a micturition study and not a retrograde one, must be of 
decisive significance in studying function under the best possible condi- 
tions. Sec ondly, automatic film changing gives exposures at the right 
moment and permits the demonstration of. continuous micturition; this 
is apt to fail with single exposures in which the patient may be disturbed 
by manual changing of the cassette so that the micturition becomes 
fractionated or the urinary stream weakened. Automatic film changing 
also facilitates comparable measurements of any movement of points and 
variations in diameters. 

It is important to be able to fill the bladder until the patient desires 
to pass water, as this produces physiologic conditions. This depends to 
a great extent on the toxicity of the contrast medium which must be 
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Table 2 


Gionad dose measured in 18 adults and 11 children (under 15 years of age) without protective 
measures and using 80 to 120 kV (adults) and 74 to 108 kV (children) 


Average number , Number of 
min/max 
of mr exposures 
7,841 2,400-—17,200 9 
D WOMOR .. 669 200 1,500 
ere 2,314 200— 4,700 8 
205 120 330 7 


low to allow a sufficient concentration. Several investigators have had 
to refrain from using a sufficient concentration owing to irritation of the 
bladder mucosa, 

In order to eliminate the danger of urethral reflux completely, we 
used a contrast medium which has been thoroughly tested in intravenous 
urography. KAUFMANN & RusseL (1956) have set up the following 
desirata for the ideal contrast medium for urethrocystography: sterile, 
cheap, non-irritant, miscible with the urine, sufficiently viscous to show 
the contours of the bladder, no side-effects, and of good density. These 
authors state that deaths have been reported after the use of suspensions 
of barium and thorium, and they conclude that it is wise to use media 
which are employed for intravenous urography. NORDENSTROM (1952) 
recommended a suspension of barium sulphate in sterile water boiled 
for 15 minutes for lateral views during micturition. The bladder has to be 
thoroughly irrigated after the study. He had not observed any complica- 
tions in his 50 cases but points out two risks viz. urethral reflux and 
retention of barium in the bladder with secondary calculus formation. 
The danger of reflux is, however, stated to be minimal if the patient is a 
woman and the catheter is of soft rubber. The patients had been followed 
up for one year without showing signs of calculi and control cystography 
had not revealed remnants of barium. This contrast medium must be 
considered unsuitable in men; there would be a greater danger of urethral 
injury and catheterization would be required twice with consequent 
increase in the risk of infection. Incidentally, barium has been previously 
used as a medium in investigations of the urethra; THOMSEN (1930), for 
instance, employed a barium suspension with which he painted the female 
urethral mucosa. 

The advantage of using completely unrestrained urination has been 
mentioned. It obviates urethrocavernous reflux and represents physiologic 
conditions. 

Lastly, the radiation dose received by the gonads in this investigation 
must be mentioned. Measurements carried cut by HAMMER-J ACOBSEN 
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(1957) showed the gonad dose to be of a magnitude which makes it 
absolutely necessary to shield the genitalia. The doses measured in 29 
patients may be seen from Table 2. In men we have introduced lead 
shielding (0.5 mm lead equivalent) of the testes, by which the dose is 
reduced to about 2 ° of the original, 7. e. to about 160 mr in adults and 
about 50 mr in boys. In women the gonad dose may be reduced by em- 
ploying high voltage. A considerable reduction in the skin dose is obtained 
by using 110 to 120 kV instead of 80 to 90 kV. Measurements performed 
during intravenous urography and upon phantoms have revealed that 
the depth dose is also considerably decreased. After the introduction of 
high voltage we estimated that the gonad dose received by women was 
| reduced to about 40 °%, of the original, 7. e. to about 270 mr in adults 
and about 80 mr in girls. 


C r 
SUMMARY 
° The technique of micturition cystography with automatic film changer is described. 
s The complications and applicability of the method are discussed. 
e 
ZUSAMMENFASSUNG 
A 
) Die Technik der Miktionscystographie mit automatischem Filmwechsler wird 
beschrieben. Die Komplikationen und die Anwendbarkeit der Methode werden 
besprochen, 
| RESUME 
1 Description de la technique de la cystographie mictionnelle avec changeur de films 
| automatique. Les auteurs étudient les complications et les possibilités d’application de 
cette méthode. 
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FROM THE NOBEL INSTITUTE OF NEUROPHYSIOLOGY (DIRECTOR: PROF. RAGNAR 
GRANIT), KAROLINSKA INSTITUTET, STOCKHOLM, SWEDEN 


BLOOD PRESSURE CHANGES IN CEREBRAL 
ARTERIES DURING CAROTID ANGIOGRAPHY 
WITH UMBRADIL 


by 


Ulj Séderberg and Nils Weckman 


Several authors have recently studied the effect of contrast media 
on the cerebral circulation with varying results (for references see INGVAR 
& SODERBERG 1957 and KAGstROm et coll. 1958). Certain discrepancies 
may be ascribed to differences in the techniques used and the employ- 
ment of contrast media with different pharmacologic properties. Thus 
Incvar & SODERBERG reported a slight transient reduction of cerebral 
blood flow from diiodo-pyridone-N-acetic acid or Umbradil whereas 
KAGstrém et coll. with the same technique observed a considerable 
increase in the cerebral circulation after sodium acetrizoate, or Triurol, 
but no effect from sodium diatrizoate, or Hypaque. As LINDGREN & 
TORNELL (1958) demonstrated vasodilatation in the legs after the two 
last-mentioned media and Boor et coll. (1954) reported cerebral vaso- 
dilatation from Diodrast, we have reinvestigated the reduction of cerebral 
blood flow after Umbradil in the cat. Our aim was to determine whether 
this could be caused by vasoconstriction, as was earlier assumed, or by 
redistribution of the blood flow from the cerebral to the extracerebral 
vessels due to vasodilatation in the extracranial tissues. The occurrence 
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100 mm Hg 
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Fig. 1. a) Cat. 4.5 kg. Pentothal. Blood pressure tracings from basilar artery (upper) and femoral 
artery (lower). Horizontal bar = | min. Between the two vertical lines 0.6 ml Umbradil 35 % was 
injected into the right common carotid artery. b) (From Fig. 1. Acta radiol. 47 (1957) p. 186.) Cat 
3.0 kg. Pentothal. Femoral blood pressure and cerebral blood flow recorded as frequency of drops 
falling from free end of a polyethene catheter draining blood from the superior sagittal sinus after 
the anastomoses to the diploic vein had been eliminated. Between vertical lines 0.5 ml Umbradil 
35 % was injected into the left common carotid artery. Transient reduction of cerebral blood flow, 
in time and magnitude related to the fall in blood pressure of the basilar artery. 


of such redistribution of flow, originally demonstrated with histamine 
by Scumipr & Henprix (1937), has recently been found to be of 
great influence upon the pressure in the cerebral arteries, at least 
in cats (SODERBERG & WeECKMAN 1958). It should, however, be empha- 
sized that the circle of Willis in the cat is supplied mainly with blood 
from the vertebral and external carotid arteries, from the latter via a 
rete mirabile in the orbit. 


Methods. Blood pressures in the basilar and femoral arteries in the 
cat were simultaneously recorded by strain gauge manometers (Klema, 
Stockholm) which showed very little volume change during large changes 
in blood pressure. The bones at the base of the skull were removed and 
the cannulae introduced into the basilar artery in the direction of the 
circle of Willis. The artery was slightly constricted behind the usual 
position of the “dead point’ between the blood flow from the carotid 
and the vertebral arteries. 


Results. The injection of 0.15 ml/kg bodyweight Umbradil 35 % 


(3,5-diiodo-4-pyridone-N-acetic acid) into the common carotid artery was 
followed by a rapid fall in blood pressure in the basilar artery about 
20 seconds before a fall in pressure in the femoral artery could be ob- 
served (Fig. 1 a). Similar effects could be induced by vasodilatating 
agents such as acetylcholine administered in the same way (cf. S6pER- 
BERG & WECKMAN 1958). A reconstruction of the upper part of Fig. 1 
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in the paper by Inevar & SODERBERG (1957), is given in the author’s 
/ Fig. 1 b for comparison to show that the reduction of cerebral blood 
min flow in their experiments may largely be due to reduced pressure in 


0 the cerebral arteries and not necessarily to general vasoconstriction in 
) the brain. 
0 Discussion 
The rapid fall in blood pressure in the basilar artery after injection 
of Umbradil into the carotid artery of the cat may be explained as due 
j to either vasodilatation in extracerebral vascular beds of the head or 
to severe vasospasm in the carotids. As there is little evidence in favour 
oral of such a vasospasm after small doses of Umbradil in any vessels, it 
seems most likely that there is a redistribution of the blood flow from 
ops the intra- to extracerebral vessels with a resultant decreased pressure 
co in the cerebral arteries. A large increase in the cerebral blood flow would 
om, probably also produce a fall in blood pressure in the circle of Willis but 
such an increase has never been observed in our cats (cf. Fig. 1 b). There 
is still a possibility that the orbital anastomoses between the external 
ine and internal carotids respond specifically to Umbradil with vasoconstric- 
of tion. This, however, does not seem very likely. The assumption that the 
ast redistribution of flow is caused by vasodilatation in the extracerebral 
la- vessels is also supported by a recent finding by LINDGREN (personal 
od communication) that Umbradil 50 ° causes marked vasodilatation in 
7 muscles, related in time to the fall in blood pressure in the basilar artery 
seen in our experiments. A discussion of the haemodynamics of cerebral 
arteries will soon be published. The present results seem to emphasize 
he the difficulties of determining cerebral vasomotor tone from measure- 
1a, ments of cerebral flow and ‘systemic’ arterial blood pressure. 
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\b- A rapid fall in blood pressure in the basilar artery of the cat after small doses of 
-_ Umbradil injected into one of the common carotid arteries was seen 20 seconds before 

5 any change in the ‘systemic’ arterial pressure could be detected. It was most likely % 


due to the redistribution of the blood flow from the intra- to extracerebral vessels produ- 
l cing vasodilatation in the extracranial tissues. 
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ZUSAMMENFASSUNG 


Kin schneller Blutdrucksfall in der A. basilaris der Katze, nach Injektion kleiner 
Dosen von Umbradil in eine A. carot. communis, wurde schon 20 Sekunden vor einer 
Anderung des arteriellen Kérperblutdruckes beobachtet. Er war sehr wahrscheinlich 
durch die Redistribution des Blutstromes von den intra- zu den extracerebralen 
Ciefiisse bedingt, die eine Gefissdilatation in den extrakranialen Geweben hervorruft. 


RESUME 


Les auteurs ont observé une chute rapide de la pression sanguine dans l’artére 
basilaire du chat aprés injection de petites quantités d’Umbradil dans lune des artéres 
carotides primitives, ceci 20 secondes avant qu’on puisse déceler aucune modification 
de la pression artérielle “systémique”’. Ce fait est trés probablement di a la redistribution 
du courant sanguin des vaisseaux intra- vers les vaisseaux extracérébraux, produisant 
une vasodilatation dans les tissus extracraniens. 
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FROM THE RADIOTHERAPEUTIC CENTRE (DIRECTOR: PROF. J. S. MITCHELL), 
ADDENBROOKE’S HOSPITAL, CAMBRIDGE, ENGLAND 


A CAESIUM"? GAMMA RAY THERAPY UNIT 
by 


J. L. Haybittle and Jean Dallison 


The use of caesium™ as a gamma ray teletherapy source was first 


suggested by BRuCER (1952) and also independently by Eastwoop (1952). 
Since that date, plants have been built to separate large quantities of the 
isotope so that kilocurie sources are now available. At the same time work 
has been in progress on the construction of gamma ray therapy units to 
contain such sources. A completed unit has been described by Brucer 
(1956), and Comas and Brucer (1957) have reported briefly on its clinical 
use. In Great Britain the first steps to build a caesium™ gamma ray 
therapy apparatus were taken by Dr. A.G.C. Taylor and Dr. J.R. Clarkson 
at Southampton. Other units have now been or are in the process of being 
built. This paper gives details of the design and construction of one such 
unit working at 35 cm source—skin distance, which has recently been com- 
pleted by the ( Cambridge University Engineering Laboratory Workshops 
and installed in the Radiotherapeutic Centre, Addenbrooke’s Hospital, 

Cambridge. Results of physical measurements made with the apparatus 
are also ‘reported. 


Design and Construction 


Treatment head. The treatment head containing the source is pictured 
in Fig. 1, and shown schematically in Fig. 4. The method of switching on 
and off is by means of a rotating source wheel driven by a 12 V motor 
through a Geneva mechanism. This method ensures accurate positioning 
of the wheel in both on and off positions, and has proved very satisfactory 


Submitted for publication 27 December 1957. 


“ 


322 J. L. HAYBITTLE AND JEAN DALLISON 


Fig. 1. Treatment head. The on-off motor is enclosed on the 
right hand side of the fork, while the coupling for connection 
to the arcing motor unit protrudes from the left. 


192 


in use on an iridium'™ gamma ray therapy apparatus (FREUNDLICH and 
HaypirrLe 1953). The 12 V supply is normally from a mains driven 
rectifier, but in the event of a mains failure, the source wheel is automati- 
cally returned to the off position by bringing into circuit a 12 V stand-by 
battery. An emergency manual control is also available at the side of the 
head. 

In the off position the source is surrounded by at least 14 em of lead 
or its equivalent. In the on position the shielding protecting the patient 
outside the treatment area is such that any line from the centre of the 
source passes through at least 5.5 em of lead, or its equivalent. 


Gantry. The head is suspended in a fork from a gantry as shown in Fig. 2. 
This gantry is designed primarily for flexibility in fixed field therapy; 
horizontal movements in two perpendicular directions are adjustable by 
hand, while the vertical movement is motor driven. A hand control angula- 
tes the head within the fork. which itself is free to rotate about a vertical 
axis. Provision is also made for arc therapy. This is achieved by freeing the 
gantry movements and connecting the head to a motor unit which stands 
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Fig. 2. General view of unit connected for are therapy. 


behind the gantry (see Fig. 2). Arcs of any size up to 180° are obtainable 
at a source—axis distance of either 45, 50 or 55 cm. 


Applicators. The treatment areas are determined by applicators, details 
of which may be seen in Fig. 3. The lead walls of these applic ators 
define the beam up to a distance of 9 cm from the skin. This distance was 
decided upon as a result of some previous experimental work (HAYBITTLE 
1955) in which it was shown that, providing the end of the applicator was 
closed with a suitable filter, a reasonably low surface ionization ratio 
should be obtained. (The surface ionization ratio, 8.I.R., is the ratio of 
the ionization at the surface of the skin to the maximum ionization which 
occurs just beneath the surface). Increasing the distance from the filter 
to the skin would result in even lower values of S.1.R., but the penumbral 
width would be increased beyond the value of 1 cm which results with 
the present applicators. Their ends are covered with 0.5 mm thick stain- 
less steel, and each applicator weighs about 16 lbs (about 7 kg). 

For setting up treatment fie ide use may be made of a beam director 
carrying entrance and exit pointers, the former being swung out of the 
beam while the actual treatment is being given. Alternatively, frames made 
of 2 mm diameter stainless steel wire may be attached to the ends of the 
applicators to indicate the field size and the correct treatment distance. 
These frames are arranged to be just outside the main beam, so that they 
do not scatter any appreciable number of secondary electrons into the 
treatment area. 
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Fig. 3. Three applicators showing detachable wire frames for field positioning. 


Physical measurements 


Quality. Absorption measurements under narrow beam condition have 
been made in lead, copper and water on the emergent gamma ray beam 
using an ionization chamber with a 2 mm thick perspex wall and an ait 
space of diameter 6 mm and volume 0.16 cc. The measured half-value 
layers were 5.4 mm of lead, 10.6 mm of copper and 8 cm of water, which 
according to the absorption data published by JoHNs (1953) correspond 
to energies of 0.65, 0.68, and 0.65 MeV respectively. These are in reasonable 
agreement with the value of 0.662 MeV reported by MULLER et coll. 
(1952) for caesium” gamma rays and indicate that there is no significant 
contamination with low energy components. It has been suggested that 
a small percentage of caesium™ (half-life 2.3 years) might be present 
but this could not be detected by absorption measurements since the main 
gamma rays emitted by it have energies of 0.601 and 0.794 MeV, very 
close to that of caesium’. Such contamination, if it exists, will not affect 
the properties of the beam from the therapeutic point of view, but may 
result in a rather more rapid decrease of intensity during the first few 
years than would be predicted from the 30 years half-life of caesium™, 


Build-up curves. A shallow thin-windowed chamber (collecting volume 
1.0 cm diam. by 0.1 cm deep; window thickness 3 mgm/cm?) has been used 
to measure the build-up curves at 35 cm 8.8.D. with different-sized appli- 
cators, and also without any applicator. Results for the latter condition 
and the largest and smallest field size investigated are shown in Diagram 1. 
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It may be seen that without an 
applicator the beam is consider- 
ably contaminated with  sec- 
ondary electrons. These are 
successfully removed by the 
stainless steel filters across the 
applicator ends, and the resulting 
gamma ray beam attains elec- 
tronic equilibrium at a depth of 
about 1.4 mm of tissue equivalent 
material. The surface ionization 
ratios increase with field size 
and are in reasonable agreement 
with the expected values (Hay- 
BITTLE 1955). 


Air dose rate and back scatter 
factors. For the measurement of 
dose rate a Baldwin-Farmer 
dosemeter has been used, fitted 
with a 1 mm thick perspex cap 
in addition to its normal wall 
thickness of 0.5 mm Tufnol. Its 
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Diagram 1. Build-up curves measured with shallow 

ionization chamber. The curves are all adjusted to 

a value of 100 % at 1.4 mm depth. Change of scale 
at 2 mm depth. 
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Table 1 


Back scatter factors and central axis depth-doses 35 em S.S.D. 


Area (em?) | 0 | 10 | 25 | 50 | 100 | 300 
Back scatter 

factor.... . 0 1.01, 1.02, 1.03, 1.04, 1.05, 
Depth (em) | Percentage depth-dose 

O.14 100 100 100 100 100 100 

| 87.0 92.4(91.2) 93.0 93.1 93.5 94.0 

2 75.0 84.5(81.5) 8D.4 86.0 87.0 

3 65.5 75.7(72.5) 76.3 77.1 78.3 79.9 

4 57.0 68.0(64.0) 68.9 69.8 71.1 73.0 

i) $9.7 61.0(56.4) 61.7 62.8 64.5 66.8 

6 13.4 53.8(49.5) 54.6 56.0 58.1 60.9 

7 38.1 $7.0(43.3) 48.5 50.0 52.5 56.0 

8 33.4 4$1.7(38.1) 43.0 44.6 47.1 

9 29.2 37.0(33.5) 38.2 10.0 42.5 45.6 

10 25.5 32.8(20.4) 34.0 35.7 38.0 41.2 

11 22.4 28.6(26.0) 30.1 32.1 34.4 37.8 

12 19.6 25.5(22.8) 27.0 28.6 30.7 34.2 

13 17.2 22.6(19.9) 24.0 25.7 27.9 31.0 

14 15.2 20.0(17.5) 21.4 23.0 25.0 28.1 

1h 13.4 17.7(15.4) 18.9 20.6 22.6 24.7 

17 10.4 13.8(11.9) 15.2 16.5 18.5 21.3 

20 7.2 9.4( 8.2) 10.5 11.8 13.5 16.0 


calibration factor for caesium™ gamma rays was obtained by interpola- 
tion between calibrations with radium gamma rays and with roentgen 
rays of HVL 2.5 mm Cu. When the source was first installed, the dose rate 
in air was found to be 47.6 r/min at a distance of 35 cm from the effective 
source centre. This corresponds to an activity of 1,740 curies, taking the 
‘k’ factor as 3.3 r/hr/mC and allowing that absorption in the source and 
its capsule reduces the intensity by 39 per cent. 

With the same ionization chamber back scatter factors have been 
measured using a phantom of ‘Mix D’ wax slabs. These factors are shown 
at the top of Table 1. 


Central axis depth-dose data, The perspex ionization chamber mentioned 
previously has also been used in a water phantom to measure the percent- 
age depth-doses on the central axis. The smallest depth accessible to this 
chamber was 6 mm from the surface, so its readings at this point have 
been correlated with the maximum value by reference to the build-up 
curves measured with the shallow ionization chamber. The results of a 
large number of measurements have been smoothed, and the final results 
are given in Table 1. It must be noted that the quoted values of field area 
do not include any part of the 1 em penumbral width. This has some signifi- 
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Diagram 2. Central axis depth-dose curves of | Diagram 3. Central axis depth-dose curves of 
caesium'*? gamma rays at 35 em 8.8.D.com- caesium’? gamma rays at 50 em The 


pared with those of 250 kV roentgen rays, points are experimental; solid lines are curves 
HVL 3.0 mm Cu, at 50 em F.S.D. The curves — caleulated from 35 cm 8.8.D. data by using the 
for 100 and 300 cm? have their origins displaced —F factor. The curves for 100 and 300 cm? have 
5 em and 10 em respectively. their origins displaced 5 em and 10 em respec- 

tively. 


cance at small areas as indicated by the bracketed figures for 10 cm:?. 
These figures were obtained when a defining diaphragm was placed right 
on the surface of the phantom so that the penumbra was zero. It will be 
seen that by thus effectively reducing the area, a detectable reduction in 
percentage depth-dose was caused. The figures for zero area have been 
calculated from the effect of the inverse square law on the narrow beam 
absorption curve in water. 

Diagram 2 shows the depth-dose curves for three areas compared with 
those obtained using roentgen rays of HVL 3 mm Cu at 50cm F.S.D. 
Diagram 3 presents the results of some measurements made with caesium 
gamma rays at 50 cm §.8.D. Again the defining diaphragms were arranged 
so as to give a 1 em penumbral width, and the measured points are in 
excellent agreement with curves calculated from the 35 cm 8.8.D. data 
using the F factor (MAYNEORD & LAMERTON 1941). 
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Diagram 4. Isodose curves obtained with caesium"? gamma rays at 35 em S.8.D. compared with those 
obtained with 250 kV roentgen rays, HVL 3 mm Cu, at 50 em F.S.D. a) 6x 4 em field. b) 108 em 
field. The diverging straight lines indicate the geometrical penumbra on the caesium curves. 


Isodose curves. Isodose curves have been plotted using the perspex 
ionization chamber and a technique described by HAyBITTLE, SAUNDERS 
& Fapnen (1956). Diagram 4 shows curves for two fields compared with 
those for the same sized fields on a 250 kV roentgen ray apparatus (HVL 3 
mm Cu, 50 em F.S.D.). It will be seen that the penumbra effectively widens 
the caesium field, although this is less noticeable on the larger field size 
where the scattered radiation from the roentgen ray beam produces a 
similar effect. Diagram 5 compares plots across caesium and roentgen ray 
beams at 5 cm and 10 cm depths. These show that a 7 cm caesium field 
covers almost the same area as an 8 cm roentgen ray field and has an 
equally sharp cut-off, while a 4 cm caesium field is similar to a 5 cm roent- 
gen ray field although the cut-off at the edge is not quite so sharp. How- 
ever, at greater distances from the axis the caesium curves all fall below 
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Diagram 5. Variation of dose across caesium fields (35 em S.8.D.) 
across similar 250 kV roentgen ray fields (HVL 3 mm Cu, F.S.D. 
Caesium 7x7 em, roentgen rays 7 em diam. circle and 6 

6x4 em, roentgen rays 6 > 


compared with those 
50 em). Upper curves: 
x8 em. Lower curves: Caesium 
4 cm and 5 em diam. circle. 
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a those measured with roentgen rays 
and within the beam the caesium 
curves are slightly flatter. There 
6 x 4om Anis. should, therefore, be no difficulty 
in obtaining clinically suitable iso- 
dose distributions using multifield 
techniques on the caesium unit. 
1 Similar results have been reported 

Sprers and Morrison (1955) for 
\ a 20 cm 8.8.D. cobalt® beam unit. 
a Protection. In the OF F-position, 

= measurements with a large monitor 
J ionization chamber indicate that the 
Ta maximum dose rate 5 cm from the 

os} J] surface of the head is about 6 
mr/hr. In the ON-position, the dose 
rate has been measured in air along 
a line perpendicular to the axis at 

axis at 35 em S.S.D. instrument was used for these meas- 

urements and the results (Diagram 6) 

show a very satisfactory reduction of dose rate outside the useful 
beam. It is less than 0.5 per cent of the incident dose rate at a distance 
of 14 em from the axis. Measurements with films have confirmed this 


reduction, and show that at 45 cm from the axis the dose rate is of the 
order of 0.1 per cent. 


DOSE RATE IN PER CENT 


DISTANCE FROM AXIS IN CM 


Discussion 


The results reported above give an indication of the potentialities of 
caesium gamma ray therapy units as therapeutic instruments. Dose rates 
of 40 to 50 r/min may be obtained at an 8.8.D. where the depth doses are 
comparable with those achieved with conventional roentgen ray apparatus. 
Diagram 2 shows that for small fields the caesium unit is superior at all 
depths, while even with larger fields it is better at depths greater than 
10 cm. At the same time, with suitable design the dose on the immediate 
surface of the skin may be reduced, although it remains to be seen what 
effect this will have upon skin reactions, since the build-up occurs much 
more rapidly than with cobalt® gamma rays. Finally, considerations of 
energy absorption suggest that the incidence of high dose effects in bone 
may be less when using a higher quality radiation such as caesium gamma 
rays, than occurs with 200 to 250 kV roentgen ray apparatus. 
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With the size of source at present available, 7. e. about 1,500 to 2,000 
curies, caesium units cannot compete in output and penetration with 
large kilocurie cobalt® machines. They do however require less shielding 
both in the treatment head and the room, and have the advantage of a 
much longer working period before the source needs replacing. They are 
mainly fitted to do the work done at present by 200 to 250 kV roentgen 
ray apparatus, where, although the initial cost of room protection may 
he greater for a caesium unit, maintenance and running costs will probably 
be less. Only clinical experience over a considerable period will show 
whether the use of a higher quality radiation in this work is of real benefit 
to the patient. 
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SUMMARY 


A caesium'? gamma ray therapy unit working at 35 cm 8.8.D. and having facilities 
for are therapy is described. The relevant dosage data is presented, and shows that output, 
percentage depth-doses and isodose curves are comparable with 250 kV roentgen ray 
apparatus. The potentialities of caesium units are discussed. 


ZUSAMMENFASSUNG 


Kine Cs'®? Gammastrahlenapparatur wird beschrieben. Sie hat einen Quellen 
Hautabstand von 35 em und ist mit einer Anordnung fiir Pendelbestrahlung versehen. 
Die zugehérigen Dosierungsangaben werden vorgelegt; sie zeigen, dass die Ausbeute, die 
prozentuellen Tiefendosen und die Isodosen mit den Resultaten eines 250 kV Réntgen- 
apparates vergleichbar sind. Die Anwendungsméglichkeiten der Caesiumapparate werden 
besprochen. 


RESUME 


Description d’un appareil de thérapie par les rayons gamma du césium!*’ fonction- 
nant 4 une distance source—peau de 35cm et facilement adaptable 4 la thérapie pendulaire. 
Les données dosimétriques sont indiquées et montrent que le débit de dose, le pourcentage 
de dose en profondeur et les courbes isodoses sont comparables 4 ceux d’un appareil de 
roentgenthérapie 4 250 kV. Les auteurs étudient les possibilités des appareils au césium. 
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